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^> V ^ V INTEODUOTIOR 



Electricity is pre-eminently a science of the nine- 
teenth century. 

We cannot even at this late day say that we know 
what electricity is ; and within a comparatively recent 
period even its manifestations and phenomena were fa- 
miliar to a relatively small class, composed chiefly of 
•college professors and scientific lecturers. 

Few of the class which was entrusted with the man- 
cement of its practical applications — viz. , telegraphers 
and electro metallurgists — had any scientific knowledge 
of its laws, or, in fact, anything but a mechanical and 
empirical knowledge of the manipulation of the tele- 
graph instrument and the electrolyzing battery. 

This state of things has, however, passed away, and 
•electricity has become the favorite, most promising, and 
most important scientific study of that section of the 
human race which, under the title of inventor, aspires 
to achieve fame or fortune, or both, by the work of its 
own brains. 

During the last decade we have seen such wonderful 
developments in electricity and electro-magnetism that 
while on the one hand we can scarcely conceive of any- 
thing which cannot be don^ by these agencies, on the 
other hand we are almost compelled to believ^ that 
there is little more left for electricity to achieve. 

It is triife that for many of the greatest discoveries 
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4 INTRODUCTION. 

and inventions which have been made we are indebted 
to persons who have not been practical electricians, but 
it is also true that it is to the practical electrician we 
turn when these discoveries are to be utilized ; and it is 
to be regretted that among the thousands of our tele- 
graphers and telephonists t?o few are to be found capa- 
ble of assuming an important trust, and of practically 
and ably filling important positions in the many appli- 
cations of electricity. 

A general knowledge of the theory and practice of 
electricity and magnetism is, then, a most desirable and 
valuable acquirement for all who are in any way, or 
who intend to be, connected with the practical applica- 
tion of either science. 

And this desirability, and the knowledge that but few 
of the many books written upon the subject are fitted 
for the self-helper, who has to straggle against many 
difficulties, notably that of neglected early education, 
forms the excuse of the author for inflicting another 
book upon the electrical public. 

Imperfect as this volume is in many ways, such a one 
would have been a great help to the author had he in 
his earlier years had the fortune to stumble across it, 
and it is his earnest hope that its contents will in some 
measure aid those for whom it is written— those who 
desire to obtain a knowledge of electricity and magnet- 
ism and their possibilities, but who are unable to obtain 
the advantages of a college or institution course — and 
enable them to answer for themselves the innumerable 
questions which constantly force themselves upon the 
thinking mind when daily occupied in the utilization 
of these mysterious agencies. If the readers of this^ 
work learn but one tithe as much of the various sub-^ 
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jects treated of as the author has while working npon 
it, they will be benefited, and will perhaps be more 
ready to digest the more solid contents of such standard 
books as CuUey's '' Hand-book of Practical Telegraphy " 
and Fleeming Jenkin's "Electricity and Magnetism." 

The author has endeavored to put the information in 
as lucid and concise form as is consistent with accuracy, 
and to combine brevity with completeness. How he 
has succeeded is for others to judge. A liberal use 
has been made of the electrical text-books, and of the 
literature relating to kindred subjects, also of the cur- 
rent electrical journals of the day ; and valuable infor- 
mation has especially been obtained from the well- 
known ''Modern Practice of the Electric Telegraph " by 
Mr. Pope; CuUey's "Hand-book of the Electric Tele- 
graph" ; Prescott's " Electricity and the Electric Tele- 
graph" ; Preece and Sivewright's "Telegraphy" ; and 
"Elementary Lessons in Electricity and Magnetism," 
by Silvanus P. Thompson. 

The acknowledgments of the author are also due to 
his friend Frank L. Pope for his constant advice and 
encouragement during the preparation of the work. 
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ELECTKICITY GENERATED BY FBICTIOJT. 

1. What is electricity f 

Electricity is oue of the peculiar forces of nature; 
it is as uuiversal in its effects as its kindred forces, light 
and heat, and is in many respects analogous to them. 
It has been common to speak and write of electricity as 
if it were a liuid, capable of flowing as a current. It 
is, however, now usually considered by scientisia to be 
simply a particular form of energy,* which canses the 
infinitesimal particles of matter to alter their positions 
in regard to one another. 

2. Pitwn tvhence does electricity derive its name ? 

It was observed in ancient times that when amber f 
was rubbed it acquired a power of attracting and re- 
pelling light bodies, .such as hair and feathers. This 
power afterwards came to be called electricity, from 
" electron," the Greek word for amber. 

3. Why han it becojne customary to speak of electricity as if 
it viere a fluid, and consequently subject to the latvs of fluids t 

Because for many years it was in fact thought to 
be a fluid. The fluid theory was first propounded by 

^Energy io b. mechamGal aeuse nxay be defined as capacily for peTformin^ work 
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Du Fay, of France, who supposed that there were two 
electric fluids, naturally commingled and neutralized, 
which universally pervaded all matter. Dr. Benjamin 
Franklin proposed a second hypothesis, ascribing all 
observed electrical effects to one fluid, which, as in the- 
former case, was supposed to pervade all bodies. Ac- 
cording to Franklin's theory, it was supposed that the- 
electrical equilibrium or balance constituting the natural 
state of matter was disturbed by frictioTi. and that one 
of the two bodies brought near to each otlier, was, so- 
to speak, over-saturated with electricity, while the other 
was left under-saturated. This also explains the origin, 
of the terms pins and minus as applied to opposite- 
electrical states or conditions. As the terms which have- 
come to be adopted in speaking of electricity and its- 
properties are nearly all based on the foregoing theo 
ries, and have in this manner become familiar to mem 
of science everywhere, it lias by common consent been 
considered unwise as well as unnecessary to change 
them, 

4. What is the simplest method of producing electricity f 

By rubbing together two suitable substances, such,, 
for example, as a tube or rod of glass and a woollen 
cloth. Electricity so produced is caMed. fricUonal dec- 
iricity, 

5. Is not electricity produced in different states or conditions f 
Yes. Certain substances, such as sealing-wax and 

resiu, when rubbed by a woollen cloth, exhibit what Du- 
fay called resinous electricity ; while glass or other vitre- 
ous hodies, when rubbed with the same cloth, exhibit a. 
kind which he called vitreous electricity. These names 
are, however, quite unsuitable, as they imply that th& 
same substances always produce the same kind of elec- 
tricity, irrespective of conditions ; whereas a tube of 
glass, when rubbed by the fnr of a cat, produces the same 
I kind of electricity as sealing- wax. The terms positive 
Hid negative are less objectionable, and are still very 
•Tilly employed. 
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We may, therefore, call the electricity produced by 
rubbing glass with a woollen cloth positive, and denote 
it, for the sake of brevity, by the sign plus, or + ; and 
that produced on a stick of sealing-wax, when rubbed, 
negative, and denote it by the sign minus, or — . 
These terms, however, must not be understood to indi- 
cate that one electricity is more powerful or potent than 
the other ; they are purely arbitrary, and merely used 
for the sake of distinction, to denote that the two elec- 
trical states are opposite in character. Both kinds of 
electricity are always produced at the same time and in 
equal quantities, one of the bodies rubbed exhibiting 
plus aiid the other minus electricity. 

6. What 18 an electrical conductor f 

Conductors are those bodies and substances which 
permit electricity to fi'eely diffuse itself through them. 
All the known metals ai'e good conductors. Many 
non-metallic substances are also conductors. The inhe- 
rent conducting power of bodies depends largely upon 
conditions ; for instance, ordinary water when in liquid 
form is a conductor, but when frozen becomes a non- 
condnctor. Iron, when cold, is a good conductor ; when 
hot, a very poor one. 



7. What is an insulator, i 



n-conductor t 



Bodies which offer very great resistance to the pas- 
sage of electricity, such as dry air, parafflne, gntta- 
ptTcha, india-rubber, and glass, are called non coiiduc- 
tbrs, or insulators, from ins?jla, an island. There is no 
absolute distinction between insulators and conduc- 
tors. The difference is in degree only, all bodies be- 
ing, strictly speaking, conductors in a greater or less 
degree, the worst conductors being the best insulators. 
Hence a list of conductors, airanged in the order of their 
conducting power, becomes, if read backward, a list of 
insulators, and in the middle of the list the conductors 
and insulators merge insensibly into each other. 
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8. Define the terms "electric" and ''non-electric^'' which ( 
aometimea applied to Bubatnncea. 

It was formerly considered that icsiilatora were the 
only bodies upon which electricity could be excited, 
hence they were also denominated electrics ; while the 
conductors, such as the metals, were called non-electrics. 
This supposition was, however, an erroneous one, as, 
when properly insulated, tlie most perfect conductors 
can be electrified. The distinction between electrics and 
non-electrics is, therefore, no longer admissible, although 
the terms ai-e still frequently used in works on electri- 
city. 

9. What is an eleotroacope ? 

An instrument for indicating the presence and char- 
acter of electricity. A gold-leaf electroscope consists 
of a glass vessel, B, into 
which is inserted a metallic 
rod terminating in two 
gold leaves, ra, and sur- 
mounted by a metallic 
plate or ball, C. If the 
plate is touched by an 
electrified body, A, the ex- 
citement passes down to 
the leaves and causes them 
to repel each other, or to 
diverge. An instrument 
provided with 'means of 
measuring the "amount of 
divergence, and thereby measuring the amount of elec- 
tricity present, is called an electrometer. 

10. What is an electrical machine f 

It is an apparatus for obtaining large quantities of 
electricity, usually by the friction of an extended sur- 
face of some suitable non-conductor, such as glass or 
hard rubber. 

1^ order that glass may be conveniently subjected to 
r the development of electricity, it is formed 



Fig. 1.— Tbe Electnwcopc. 
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into a circular plate, P, mounted on an axis supported 
on a wooden frame, O, and revolved by a crank, M, while 
cushions or rubbers, F, press against its surface. To 
equalize the pressure of the rubbers they are placed at 
the top and bottom, and on both sides, of the glass. 
In front of the plate are two rods of metal, C, supported 
by glass legs. These are called the prime conductors, 




and are provided with branches, which are studded with 
sharp points and bent round the glass plate. 

When the plate is revolved by means of the crank, by 

]-e;i8on of the friction against the cushions it becomes 

positively electrified ; negative or minus electricity be- 

■ ing at the same time produced in the rubber. When 

k the plus electricity, carried round by the rotation of the 
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plate, arrives opposite the points of the prime conductor, 
it acts inductively thereon, repelling its plus electricity 
to the distant end and attracting minus electricity to 
the end nearest tlie machine. The points then discharge 
the minus electricity so accumulate! towards the jiliis 
charge on the revolving plate, which is thus neutralized, 
and the neutralized portion of the plate arrives at the 
rubber in a neutral state and ready once more to be 
excited. If now any electrically neutral substance be 
brought near to the distant end of the prime conductor, 
minus electricity will be abstracted from it and will 
pass along the conductor to keep up the supply neces- 
sary for a continuous neutralization of the excited plate; 
hence the prime conductor, and any conductor attached 
or brought near thereto, will acquire a surplus of plus 
electricity, or become charged, and this charge may be 
conducted away or collected in Leyden jars at will for 
experimental purposes. 

If it is desirable that the minus electricity be also 
collected, the rubber is supported upon a non-con- 
ducting stand and provided at the back, with a metallic 
knob. 

But generally, the negative or minus electricity is al- 
lowed to pass to earth or to the surrounding conductors, 
such as the walls and floor of the room, by means of a 
chain or wire, D. 

In charging a Leyden jar, the rubbers and the outside 
coating of the jar must be united either directlj', or by 
being both united to the surrounding conductore. 

Another common form of the electrical machine is the 
cylinder. The chief distinction between this and the 
plate machine lies in the use of a cylinder of glass in- 
stead of a jilate. 

11. Wiiat is an electrophoruB t 

It is an instrument, invented by Tolta, which is an 
exceedingly convenient source of electricity when re- 
quired in comparatively small quantities. It consists of 
three essential elements : 1st. A cake, B, of some resinous 
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aterial easily excited by friction, 2d, A conducting 

^late, which is a metallic dish into whicli the resinous 

composition is poured, and which is connected to eai'th. 

3d. A disc of metal, or of wood covered with tin-foil, A, 

and provided with an insulating handle. 

It is very convenient to so aiTange the electrophorus 
that the cover, when placed on the resinous plate, comes 
into metallic connection with the metal dish below, and 
thereby, of course, with the earth. The resinous cake is 
excited negatively by rubbing, and the metal plate laid 





lon it ; on lifting it away it is found to be positively 
ictrified and will give a spark. It may then be re- 
iced on the lower plate and the process indelinitely 
,ted. 

B Upper plate does not receive its charge direct fi-om 

B excited resin, but by induction, the negative charge 

'on the resin attracting the ptmitive and repelling the 

negative electricity of the upper plate which, by means 

of the metal connection with the lower plate or by the 

Kch of the finger as in the figure, escapes to earth. 
Lead of pouring a resinous composition into the 



dish, a flat piece of vulcanite may be fixed therein to 
Bubserve the same purpose. 

12. Haiv machines for furnishing large quantities of electric 
. city been conatmcted on the principle of the electrophorus t 

Yes, such machines have been constructed by several 
physicists ; and one — that of Holtz — lias come into very 
general nse. In it, as in other machines of this class, a 
small initial charge is given to a piece of varnished pnper 
fixed on a stationary portion of the machine. 

This initial charge acts inductively and develops other 
charges, which are conveyed by a rotating glass disc to 
some other part of the machine, where they may either 
increase by accumulative Eiction the initial charge or 
furnish the supply of electricity to a suitable collector ; 
or the machine may be caused to perform both functions, 
much upon the same principle as that of the dynamo- 
electric machine. (See chapter vi.) 

Like the Gramme and other continuous- current ma- 
chines, it, too, is reversible ; and if a continuous sujiply 
of both plus and nunus electricities be supplied simul- 
taneously to the opposite extremes of tlie machine, the 
I movable parts of the machine will rotate. 

A Holtz machine may be made to furnish a continuous 
current, the strength of whicii is dependent upon the 
rate at which the movable part is rotated, becoming 
;greater when the rotation increases in speed. 

13. What ia the meaning of the wards "Btatic" and "dyna- 
'c " when applied to electricity I 
lliey are derived from the Greek. The word 

"static" conveys the idea of force at rest, and "dy- 
^--lamic" the idea of action or of force due to motion. 
Electricity develojied by friction is often called "stat- 
Cal," because it tends to remain quiescent on the bodies 
thereon it is excited, or in fact whererer it is placed. 
The word static, or statical, refers to the electrical 
tndition of bodies whereon electricity remains station- 
£or instance, a Leyden jar may be charged, and 
iged without requiring a continual supply to 
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be poured in ; Lence the electricity it is charged with 
18 called statical, or reposing, electricity. Oti the other 
hand, voltaic electricity is frequently styled dynamical, 
because the excitement arises in a constant stream, and 
can hardly be said to exist if it is not continually 
evolved, and in that condition it exercises or performs. 
work ; and statical electricity becomes transformed to 
dynamical when in the act of discharge, or when pass- 
ing from one body to another. 

14. Wliat is a Leydenjar, and whence does it derive 
its name f 

It is a device for the accumulation of elec- 
tiicity, and, described as simply as possible, 
consists of a glass jar coated both inside and 
niir with tin- foil, except a few inches at the 
t( ip. Through the cork or insulating cover is 
passed a brass rod with a knob on the end, 
which is in electrical communication with the 
Wd"mJ«r. uinei- coatings. 

It was discovered in November, 1745, by Kleist, a 
German ecclesiastic. The Leyden philosophers were 
the first to state the conditions necessary for its suc- 
cess, and hence it receiv- 
ed the name Leyden jar. 
The jar is chargt-d by 
bringing the knob near 
to the prime conductor 
of the electrical machine, 
■while the oater coating 
is usually in electrical 
communication with the 
earth. When the knob 
is brought into connec- 

idon with the outside Fig. 5.— DlaclmrEa or b Leiden Jar. 

coating of the jar a 

flash of intense brightness, accompanied by a loud i 

(■port, immediately ensues, and the jar is said to 

discharged. 





15. WJuit does the term "dielectric" imply S 
The insulating substiiuctj wbioh separates two con- 

{dnctiDg surfaces, and thereby enables them to sustain 
opposite electrical states, was by Famday called a. di- 
ielectric. 

The sheets of paraffined jjaper between the tin-foil 
sheets of a condenser, constitute a familiar example of 
A dielectric. All insulators are dielectiics, but the best 
insulators are not always the best dielectrics. 

The glass jar between the inside and outside c^iatiugs 
*f tin-foil is, in a Leyden jar, the dielectric. 

16. What is an electric txittery t 
When a great amtmnt of surface is needed to store a 

considerable quantity of electricity, a number of jars 
mre set in a box lined witli lin foil so as to connect all 
the outer coatiuga together. Their inner coating^ are 
Also connected by conductors joining all the knobs to 
bne centi-al knob. This constitutes an ehclric battery. 
3t is charged and discharged like a single jar, and its 
effect is much the same as would f(jllow from one lai'ge 
jar whose extent of coating was equal to the sum of 
ihose which constitute the battery. 

17. Does static electricity reside at the surface, or throughout 
,1he substance of bodies f 

Electricity at rest, i-esides on the surface only of con- 
ductors. This may be proved by enclosing an electri- 
zed metallic sphere in two tight-iitting, non-electrified 
Jiemispheres. If the hemispheres are quickly removed 
Iftnd presented to an electroscope they will be foiind to 
be electrified, while tlie sphere itself has lost its elec- 
tricity. 

18. Wliat may ire undei-stand by the icord " induction" f 
It is the name given to electrical or mngnetic effects 

produced in bodies to whicli the exciting force is not 
directly ajiplied, and may for general puriioses be di- 
vided into the following heads; 1st. Electro-static or 
■staiic inductlm is the influence which an electrified 
'body has on all conducting bodies in its immediate 
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vicinity, even though it has not touched tbem, causing 
them to exhibit signs of electriUcation. It is similar to 
the power exerted by a magnet on pieces of iron which 
may be near it. 2d. Dynamic or voltaic induction is 
the power which a galvanic current has, when flowing in 
a conductor, of inducing currents in neighboring con- 
ductors. 

For example, should two wires be placed near each 
other, parallel but not touching, one connected with a. 
battery by means of a circuit-closing key, the other to a 
aensitive galvanometer, it would be seen that whenever 
the circuit was closed by the key on the first wire, and a 
current thereby caused to pass through it, the galvano- 
meter attached to the second wire is deflected by a cur- 
rent flowing in the opposite direction to the battery 
current. 

The battery current is called the inducing or primaiy 
current ; the cnii-ent that deflects the galvanometer the 
induced or secondary curi-ent. The induced current 
lasts but for an instant. When, however, contact is 
once more broken the needle is again deflected, but 
this time the induced current flows in the same direction 
as t^e primary cuiTent, and is, like the former current, 
instantaneous. 

3d. Electro-maffnetic induction is tlie power which an 
■electric current, traversing a conductor, has upon non- 
magnetized iron, wliich, under certain conditions, may 
by its influence become converted into a magnet. 

This power is the basis of one of the moat universally 
nseful applications of electricity— namely, the electro- 



4th. Magneto-electric induction is the converse of 
[ «lectro-Tuagnetic induction — the one is the induction of 
. jnagnetism by an electric current, the other tlie induc- 
tion of an electric current by a magnet. 

The name is popularly applied to the production of 
\ electric currents through the movement of a conductor 
I through a magnetic fleld, or the movement of a per- 
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manent magnet in the iminedia.te proximity of a con- 
ductor. 

5th. Magnetic induction is tliat power by which 
pieces of iron, or other substances capable of acquiring 
niognetism, become temporary magnets when placed 
near a magnet, even when they do not touch it. 

19. Has frictional electricity been put to any practical a^li- 
caticmt 

Yea ; but not to any such extent as voltaic electricity. 
It has been somewhat extensively used in chemistry, 
and has been applied with considerable success for ignit- 
ing gas-jets and fuses for blasting. 

30. Is friction the only method of prodiicing electricity t 
No; there are many other methods of evolving it, but 

chemical action is by far the most important source of 
electricity, and is the only one that has had a universal 
practical application in telegraphy. More recently, how- 
ever, magneto-electTicity has attracted much attention, 
and has been considerably applied to telegraphy, elec- 
tro-metallurgy, and to the production of the electric 
light. 

The production of electricity by heat constitutes a 
separate branch of the subject — namely, ther-nio-electri- 
city, which will be hereafter considered. 

31. What is the most familiar natural form of electricity i 
Atmospheric electricity, in the form of the thunder- 
cloud with its resultant phenomena of thunder and 
lightning. The resemblance between lightning and the 
electric spark was noticed at an early date. Dr. Wall 
pointed this out in 1708, and it has also been noted by 
other philosophers; but to Benjainin Franklin is due the 
credit of proving their identity by actual experiment, 
in drawing lightning from a cloud by the instrumen- 
tality of a kite, and by performing electrical experi- 
ments with it. 

22. Had this discovery any useful result i 
Yea, it has resulted in the general application of 
lightning-rod as a method of defending buildings from 
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the effects of atmospheric electricity. The lightning- 
rod is constructed on the principle that electricity uni- 
formly chooses the best conductor within its reach, and 
consists of a rod of iron or copper, from half an inch to 
an inch in diameter, extending a considerable distance 
above the highest point of the building, and continued 
down the wall to terminate in the ground. 

23. What is the most common defect in the construction of 
lightning-rods f 

They are frequently set up with a very imperfect con- 
nection with the ground, hence the lightning, finding a 
better conducting medium through some portion of the 
building, takes that path, often with most destructive re- 
sults. The rod ought always to terminate in a conside- 
rable depth of moist earth, and for this reason none 
should engage in the business of constructing and erect- 
ing lightning-rods unless they are well acquainted with 
the principles of electricity. 



CHAPTER n. 

VOLTAIC ELECTRICITY. 

24. What 18 voltaic or galvanic electricity f 

These names are given to electricity evolved by che* 
mical action. They are so called in honor of Galvani 
and Volta, two Italian philosophers who made the ear- 
liest discoveries in this branch of the subject. As pre- 
viously stated, this is sometimes called dynamical or 
current electricity, because it is electricity in motion. 

25. What are the chief points of difference between voltaic and 
frictional electricity f 

While voltaic electricity resembles the electricity gen- 
erated by the frictional machine in a sufficient degree 
to establish its identity therewith, its characteristics, 
nevertheless, differ materially. Electricity evolved by a 
battery is of low potential or tension, and is, therefore, 
comparatively easily insulated. It flows in a steady and 
continuous current, and is produced in great quantities. 
On the other hand, in the frictional form, electricity is 
extremely energetic, being able to transfer itself violently 
(and with the evolution of light and heat) through and 
over insulating substances. It is, therefore, said to be 
of high potential. 

Voltaic electricity is capable of producing the most 
extensive magnetic and chemical effects, and is con- 
sequently by far the most important form and the most 
valuable agent in the arts and sciences. To sum up : 
frictional electricity has high potential, but is produced 
in small quantity, while current electricity has an ex- 
"^emely low potential and is produced in large quan- 

98. This may be illustrated in the following manner : 
i-hot iron rod has intensely high temperature, yet 
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it does not contain nearly so much actual heat as the 
water of a single hot bath. The electricity of friction 
may be compared, therefore, to the heat of a red-hot 
iron rod ; that of chemical action to that of a large- 
volume of warm water. 

20. lV}uit is a voltaic or galvanic cellf 
An organization wliereby chemical energy is trans- 
formed into electricity. Its simplest form consists of 
two dissimilar metallic plates, immersed in some liquid 
capable of acting chemically upon one more than upon 
tlie other. The surface less acted upon is called the 
negaiize plate, and that more acted upon the posiiiee 
plate. Zinc is almost always used 
as the positive plate, and the differ- 
ence of potential, and consequently 
the electro motive force, is the great- 
est when there is no chemical ac- 
tion on the negative plate. The 
positive electricity is assumed to 
set out from the zinc, pass through ^3 
the liquid to the negative plate, and ^''^■"' 

thence by a connecting wire back again to the zini'. 
Such a cell is called a simple battery, and has one 
' great disadvantage — namely, that when its circuit is 
\ closed, by connecting its poles by a wire, its action 
\ rapidly diminishes ; it becomes polarized. Many cells. 
,' have been devised, chiefly with a view of diminishing 
,1 or suppressing this fault of polarization, and thereby in- 
creasing the constancy of batteries. 

27. What is meant by tlie term "polarization " when applied to 
'} voltaic cells * 

[ " We know that water is a chemical compound of two 
• gases, oxygen and hydrogen. When the circuit of a 
I simple zinc and copper battery is closed, chemical ac 
I tion commences and the water is decomposed, the oxy- 
f gen attacking the zinc and eating it away, while the 
\ hydrogen deposits itself on and covers the surface of tlie 
I. copper plate, and, in fact, assumes nearly the same rela- 
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tion to the zinc as if it were a zinc itself, the result being 
much the same as if two zinc plates were opposed to 
each other. A new electro-motive force is developed in 
opposition to the original electro-motive force of the 
battery; the working is impeded and the strength of 
current diminished. To this deleterious action is given 
the name of polarization. 

The injurious effects of polarization are increased by 
the power which hydrogen in this form has of reducing 
metals from' their solutions ; for as soon as the sulphate- 
of-zinc solution formed by the action of the acidulated 
water on the zinc plate has diffused itself through the 
liquid so as to reach the copper, it is decomposed by 
the before-mentioned hydrogen, and metallic zinc is de- 
posited on the copper plate. This also tends to trans- 
form the battery into one wherein both plates are zinc. 

To render a battery constant (which means to furnish 
a steady and equal current during the time for which it 
works) polarization must be prevented. This object is 
attained in different ways ; in the Daniell battery, for 
example, by surrounding the negative plate with a 
strong solution of a salt of its own metal. This ex- 
pedient keeps the free hydrogen actively employed in 
reducing copper from the sulphate-of-copper solution 
and depositing it on the copper plate, and consequently 
restrains it from assuming a gaseous form and coating 
tlie copper plate ; and, further, as the metal reduced is 
the same as the plate itself, the battery gains instead 
of loses, because the surface of the plate, by the metal 
added, is kept new and bright. 

28. What is a voltaic battery f 

When a series of voltaic cells are connected together 
as shown in Figure 7 the combination is called a voltaic 
battery, just as a combination of Leyden jars is desig- 
nated an electrical battery. The several elements of a 
battery may be connected together in several different 
ways, and this is regulated by the character of tlie work 
vhich the battery is required to do. 
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A Toltaic battery, to approach perfection, should be 
simple in construction, easily iirepai-ed iind maintained, 
have a sufficiently high electro-motive force, be fairly 
constant, tolerably free from local action, economical 
in first cost, and consist of materials which are easily 
procured. 




29. ^Vhat is meant by the term "local action'' f 
It is a name given to chemical action which takes 
place in the battery, whether there is or is not any 
external metallic connection between the plates, or, in 
other words, whether the circuit is closed or open. It 
goes on at the surface of the zinc, and consumes that 
metal without aiding in the production of the working 
current. It is supposed to arise from the presence of 
impurities in the zinc, on account of which one por- 
tion of the metal is in electrical opposition to the other, 
■ thus producing local currents, causing evolution of hy- 
drogen at some points and consumption of the zinc 
I at others. This evil is remedied to a great extent by 
' ajfialgamating the zinc plate. The surface of the metal 
is thereby reduced to the same condition at all points, 
' and differences of hardness, softness, and crystalline 
structure are eliminated. The amalgamation of battery 
k 2incs is effected by simply rubbing them with mercury, 
I after they have been thoroughly cleansed by immersion 
f^ dilute sulphuric or muriatic acid. 
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30. H'Ay t» o voltaic battery sometimes called a "pite"t 
Hecaiise tlie Jirst ari-angeuienr constructed by Tolta 
for erulving current electricity consist^^d of a great 
number of round pieces of zinc, copper, and moist cloth, 
piled alternately one upon another, as 
in Figure S. It was literaDy a pile of 
discs, and the name, frcm early associ- 
ations, is stUl used (cliiefly, however, 
by French electricians), though it has 
now entirely lost its special signifi- 
cance, 

31. Under ickat general lieadn may nearl]/ 
all voltaic batteries be eletaaified i 

Hill ijlt-jlii ill lii'fleries, of wliich that 
ui' Shut iii:iy \h- laken as a type. 

'J'd'u-jhiiil /'(li/ciirs, which may prop- 
orly be subdivided into three classes. 
Of the fii'st class the well-known 
Daniell is the representative. The 
second subdivision oompi-ises the nu- 
meraus forms of gravity battery, frofli 
the Callaud to the Watson, In the ■*• 
Watson battery an inverted leaden fun- 
^ nel is used as the negative plate, and 
o as a rejiository for the copper 
Fig. a.->Tho Voltaic Hie, guipiiate. The third subdivision in- 
cludes the strong-acid batteries, such as Grove's and 
Bunsen' s. 

The third great class is that wherein depolarizing 
mixtures are used. These preparations are made from 
different oxides and chlorides. The Leclanche battery 
19 the best-known and most notable example. 
32. Wliat batteries are now in viost general u«e f 
In America the principiil forms used are ; the gmvity, 
chiefly Cailaud's form (although every other tyjie finds 
its advocates) ; the Grove, the Daniell, the chromic-acid, 
the Leclanche, and the Smee. 
In England the Daniell and Leclanche are used for 
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telegraphs, and the Grove and Bunaen for other practical 
purposes. 

In France the Leclanch6 and Marie Davy are chiefly 
in nse, while those in favor in Germany are Meidinger's 
and Siemens & Halske's, both of which are modifications 
of the Daniell. In India the Minotto is used almost 
universally. 

33. Describe the principal batteries used in the United States, 
and state the purposes to which they are respectively applied. 

The gravity battery is so named because the two so- 
lutions, sulphate of zinc and sulphate of copper, are 
separated from each other by the difference in their re- 
spective weights, the saturated solution of copper being 
heavier than the zinc solution, when the latter is in its 
proper condition. 

John Fuller, in 1853, was the first to suggest the 
gravity battery. Cromwell F. Varley patented several 
varieties of this battery, which have since been re- 
patented by several other inventors. 

In the Callaud form the gravity battery is, as shown 
in Figure 9, constnieted as follows : On the bottom of 




a glass jar is laid a copper plate, having two vertical 
plates attached in the form of a cross. This projects 
about three or four inches above the bottom of the jar. 
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To this copper ig connected an insulated wire, wliich is 
extended up throiigli tlie liquid and fonns the connect- 
ing link, to be fastened to the zinc of the next cell. On 
the copper plate is placed a layer of sulpliate of copper. 
Tlie zinc plate Is then hung on a brass frame near the 
top of the cell, and the jar is charged with water or 
with a weak solution of sulphate of zinc. 

The chemical action of this Ijaltery is the same as that 
of the Daniell : the zinc is oxidized by the oxygen of 
the water ; the oxide of zinc combines with the acid set 
free from the sulphate of copper and forms siili)hate of 
zinc, which remains dissolved, while the oxide of cop- 
per previously combined with the acid is reduced, by 
the action of the hydrogen of the water, to metallic 
copper, and is deposited on the copper plate. This 
battery is much used in telegraphy, having to a great 
extent superseded the Grove. It has also come into use 
for local circuits, to operate sounders and registers, and 
in furnishing motive power for signalling purposes on 
short telephone lines. 

The Grove battery was until the last eight years 
almost universally employed as a main battery for the 
American telegraphs, but is now rapidly being pushed 
aside by the more ticonomical Cal- 
laud. The Grove ceU consists 
simply of a plate of zinc, as the 
positive plate, in dilute sulphuric 
acid, smTouuding a porous cell 
in which is a plate of platinum im- 
mersed in concentrated nitric acid. 
Tlie Daniell, which is the orig- 
inal sulphate- of -copper battery 
and the forerunner of every type 
of gravity battery, is to some 
extent employed in electro-de- 
position, gilding, and silvering, 
much used as a local battery in tele- 
%oe8. It is shown in Figure 10 and consists 
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of a jar containing a cylinder of zinc, G, and a poi-ous 
cup, P, containing a plate of copper, X. Tlie porous 
cap is placed inside tlie zinc and filled with dilute sul- 
phuric acid, with salt water, or with pure water. This 
construction admits of considerable variety. If desired 
the zinc may be placed in the porous cup and the 
copper in the outside vessel. The solutions would then 




Fig. 11,— Cbromlc Acid Battery. 



also have to be changed so that the copper would always 
surround the copper. It is unnecessary to describe the 
action of the Daniell cell, as it is precisely the same rs 
that of the Callaud, which has already been considered. 
The chromic-acid battery, often in this country called 
the carbon, and occasionally the electro poion battery, 
has been much used for telegi'aph lines, and is at the 
present day largely employed for printing telegraphs, 
also for open-circuit work, such as burglar-alarms and 
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domestic bell ringing. A cylinder of zinc is placed in a 
glass jar, a porous cup inside the zinc, and a plate of 
carbon in the porous cup. The porous cup is filled 
with a solution of bichromate of potash, and the outer 
cell with dilute sulphuric acid. Its arrangement is 
shown in Figure 11. 

The Leclanche battery, which in 1870 was scarcely 
known, is now extensively used throughout the country 
as an open-circuit battery. It is eco- 
nomical, requires little attendance, and 
since the introduction of the tele- 
phone its use has more than doubled. 
A zinc rod is the positive element, and 
a mixture of. crushed i)eroxide of 
manganese and broken carbon sur- 
rounding a carbon plate in a porous 
cup is the negative element. The car- 
bon plate is provided with a leaden 
cap, to which is attached a binding- 
screw. The porous cup is then set in 
a glass jar, which is tilled to about two- 
thirds its height with a solution of sal- 
ammoniac. This battery is well suited for electric bells, 
for signalling on telephone lines, and for Blake micro- 
phonic transmitters. It will keep in good order for 
months with very little attention. 

A modified Leclanch6 cell, in which the porous cell is 
dispensed with, is at present a very popular form, and 
is much used in connection with transmitting tele- 
phones. It was patented in 1875 ; and the depolai-izer, 
instead of being packed round the carbon plate in a 
porous cup, is formed into a mass composed of equal 
proportions of j)eroxide of manganese and granulated 
CM'bon, held together by the admixture of from five to 
ten -per cent, of a resinous cement ; the carbon plate is 
enclosed in this mass, and the conglomerate mass sub- 
ed to strong pressure in a hot monld. 

zinc forms one jx»le and the compound foims the 
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other. Both are fitted with binding-screws and im- 
J. mersed in a sal-ammoniac solution. 
This form is shown in Figure 13. 



(Mt/ 






Pig. 13. 

34. What is meant by the " polea'" of a battery f 
The wires, binding-screws, or tenninals of each of the 
plates of a battery are called the poles. Their names 
are always opposite to those of the plates they lead 
from. Much confusion has existed in the minds of 
many persons with reference to these terms — the posi- 
tire and negative poles of a battery, and the positive 
and negative plates of a battery. TJiis, however, may 
be dissipated by observing that the term plate, metal, or 
element is applied to that part of the plate which is in 
the liquid, and the term pole* to that part of the plate 
which is out of the liquid and which is attached to the 
conducting wire. The term ''positive" is intended to 
■Aignify that from whence the current of electricity pro- 
while the "negative" signifies that which the 
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cmTent enters, Now, the electrical action commences 
at the surface oi the more oxidizable metal, which is 
usually zinc ; therefore we call the zinc the positive 
plate. The positive electricity passes through the 
liquid, and is received and collect^ed by the other plate, 
generally copper or carbon, which is hence called the 
negative plate. It passes from the end of that plate 
and out at the continuing wire, which by the same nde 
Is called the positive pole ; it then pas,ses through the 
wire to the top of the plate from whence it originally 
started, which is consequently called the negative pole. 
It wiU, then, be understood that each x>late of a battery 
has opposite terms applied to it. 

In a zinc and copper battery the zinc is the positive 
plate, but the wire leading from it is the negative pole, 
whUe the copper is the negative plate, but the wire pro- 
ceeding from it the positive pole. 

35. What 18 the signification of the terms " eleoti-ode" "elec- 
trolysis.'' and "electrolyte," which are frequently found in inorka 
on electricity ? 

They ai* terms proxwsed by the late Professor Fara^ 
day, and have been used by electricians in various ways. 
The poles, or plates, leading a current into and out of a 
battery were called by him electrodes — that is, ways or 
paths of electricity, from the Greek words electron and 
odos. An electrolyte is a compound decomposable hy 
the electric force, and the term electrolysis means the 
act of such decomposition. 

36. Give some simple directions for the care of batteries. 

The Daniell, gravity. Grove, and Leclanche batteries, 
being types of all the principal batteries in use, will 
alone be noticed here, 

TTie Dainell Battery.— Vse the best quality of copper 
sulphate procurable. Never use powdered sulphate, 
as it soon cakes and then dissolves too slowly to be 
of much use. Never nse porous cups after they are 
cracked or any way damaged, or let the zinc touch the 
porous cup. If the zinc is used inside the porous cup, 
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let it be suspended, ao that it will not toucli tlie bottom 
of the cup. 

The zinc solution is at its best when it is baJf satu- 
rated. When it is stronger than that point of satui-a- 
tinn, a portion should be drawn oS and the cell filled 
Tip with water. At least once in two months a Dan- 
iell battery should be thoroughly cleaned, the plates 
scraped, and any copper found attached to the porous 
cnp scraped off. The copper solution, if clean, may all 
be restored, but half the zinc sohition will usually be 
sufficient. 

The foUoiving hints may be given on the maintenance 
of the gravity battery ; 

After setting up, if the battery is weak connect the 
poles by a wii-e for a day or two ; this will tend to sepa- 
rate the sohitions and to concentrate the zinc sulphate 
solution. Keep the level of the water at least a quarter 
of an inch above the zinc. Avoid shaking the solutions. 
Keep the line between the copper and zinc solutions as 
sharp as possible. 

If the blue is too low draw off a little of the upper 
sohition with a syringe, and replace it with pure water ; 
then leave the battery circuit open when not being used. 

If the blue gets too high put the battery on short cir- 
cuit when not in use. 

If a frath generates on the surfe,ce remove it with a 
piece of wood or a brush. 

If the zincs become very dirty take them out, scrape 
and wash them. 

Jars should never toucli each other. Shelves should 
I not be allowed to become dirty. Generally speaking, if 
the blue rises too high the resistance in the circuit is too 
' great for the battery. 

Be sure that the covering of the insulated wire leading 
I up from the copper plate is perfect ; and in setting up a 
r battery never use old material, unless it is in every re- 
spect good. 

The Grooe Battery. — The zincs of this and all other 
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acid batteries should be kept well amalgamated in order 
to prevent local action. Grove batteries should be taken 
apart every night ; one-tenth of fresh nitric acid should 
be added every morning, and the dilute sulphuric acid 
renewed twice a week. 

Use great care in handling the acids, as they are very 
corrosive. Place the zincs every night in water weakly 
acidulated with sulphuric acid. 

The Leclanche Battery, — Never let the outside solu- 
tion rise above the shoulder of the jar. When setting 
up the battery pour a little water in the porous cup. 
The sal-ammoniac solution should be saturated, but too 
much sal-ammoniac ought not to be put into the jar at 
once, as it is apt to cake instead of dissolving. When 
the solution becomes too weak, crystals of oxychloride 
of zinc form on the zinc and weaken the action of the 
battery. 

Watch the connecting wires carefully, as they are 
liable to be eaten through by the free ammonia gene- 
rated in the battery. If the battery is weak, and no 
cause is apparent, test each cell separately, and, when 
the defective cell is found and examined, probably a 
salt of lead will be found between the lead cap and the 
carbon plate, partially insulating it. Renew the water 
in the outside vessel when necessary, at the same time 
adding a little sal-ammoniac. 

If by accident the Leclanche cell be left on closed cir- 
cuit and run down, its strength may be to a certain 
extent renewed by soaking the porous cups in water 
or dilute muriatic acid and giving the battery a con- 
siderable rest. 

Rolled zinc should be used in preference to cast, as it 
is purer and more economical in the end. 

The following hints are applicable to all batteries : 

Insulate each cell perfectly, and keep the shelves on 
which they stand clean and dry. Keep all points of 
contact and all connections clean and bright. No leak- 
age or creeping of liquids from the cells should be al- 
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lowed, and as soon as any such thing shows itself it 
should be wiped away with a damp cloth. To prevent 
such action the edges . of the outside vessel should be 
dipped in melted paraffine. The temperature of a battery 
room should not be too warm, or the liquids will evapo- 
rate ; nor too cool, or they will lose power. Solutions 
should always be renewed before they are exhausted, 
and the batteries periodically examined, so that any 
defect will be located and removed before causing any 
radical trouble. Every connection must be made tight 
and kept free from oxide. 

37. How is the presence of iron in sulphate of copper detected ? 

The suspected crystals must be dissolved in water, 
and liquid ammonia added to the solution. This will at 
first precipitate both copper and iron, and the solution 
will appear very cloudy. More ammonia is then to be 
added, when the copper will be redissolved, forming a 
bright blue solution, and the iron, if present, will fall to 
the bottom in the form of a brown powder. 



CHAPTER III. ^) : 

THERMO-ELECTRICITY. 

38. What is thermo-electricity f 

Thermo-electricity is the name given to that branch of 
the science of electricity which relates to the production 
of electric currents by the agency of heat. 

The term literally means heat-derived electricity. 

Professor Seebeck, of Berlin, in 1828 discovered that 
if two bars of any two metals, especially bismuth and 
antimony, be soldered together at one end, and have 
their other ends connected with one another by a wire, 
so as to form a complete circuit, on the application of 
heat to the point where the metals are soldered a i)or- 
tion of the applied heat is absorbed and disappears, and 
an electric current is developed in its stead. 




Fig. 14.— Electricity produced by Heat. 

All metals, and many other conductors of electricity^ 
are capable of producing thenno-electric currents, and 
they are all classed either as thermo-electro-positive or 
thermo-electro-negative bodies. The former class com- 

ises those conductors in which the current proceeds 
the colder to the warmer portion ; and the latter 
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includes those in which the current proceeds in the 
opposite dii'ection. 

Bismuth may be regarded as the representative of the 
former class, and antimony as that of the latter. In ex- 
periments in this science, thei-efoi'e, these metals are 
most frequently used. For example : We take a bar of 
bismuth, and solder or braze one 
end of it to one end of a bar of an- 
timony, then attach a galvanometer 
by wii'es to the free ends of tlie two 
bars, so that the ctrcuit is completed 
from the bismuth to the antimony 
by soldering ; then from the other 
end of the antimony to one tei-minal 
of the galvanometer, and from the 
other terminal of the galvanometer to 
the free end of the bismuth. K we 
then heat the junction of the two 
bars we shall see thfi needle deflect, "" 
the current proceeding from the bismuth througli the 
L point to the antimony, thence through tiie gal- 
I vanometer and back to the bismuth. Some metals when 
I thus united are found to produce a current in one direc- 
I tion when the junction is moderately heated, but when the 
I Jieat is increased the direction of the current is reversed, 
39. Wliat is a thermo-electric battery t 

When only one bar of 
each of the metals employ- 
ed is used the arrangement 
is called a thermo-electric 
pair, A number of these 
thermo-electric pairs may 
be joined in series, just as a 

I HI number of voKaic cells are 

fi^, la ud iT.-Nobiir* Thermo electric joined together for the for- 
'"^^ mation of a voltaic battery. 

When the pnirs are so joined the entire series is 
called a thermo-electric batter//, and its electro-motive 





force is equal to the Bnm of the electro-motive forces 
of all the pairs added together. To make sucli a 
battery, suppose we have six bars of bismuth and the 
same number of antimony, each bar being three inches 
long, three-quarters of an inch wide, and one-fourth of 
an inch thick. AiTange them alternately, bo that if the 
first bar is bismuth the last wiU be antimony. The bars 
must then be soldered together at each end, the sec- 
ond, antimony, being, for instance, at one end soldered to 
the first bar and at the other end soldered to the third ; 
the third, in its turn, having its other end soldered to 
the fourth, and so on. The two terminal bars will, of 
course, have one end unattached. These free ends rep- 
I resent the poles of the battery. To set the battery in 
operation all the junc- 
tions on one side must 
be heated, wliile all 
those on the other side 
must be kept cold. 
While the arrangement 
described represents I he 
principle of the thermo- 
battery there are many 
varieties, mQditications. 
' and improvements. One 
cf the iirat thermo-bat- 
teries was invented by 
Melloni in 1834. He 
made what he called a 
liermo multiplier It oonsiatei cf ibout fifty little bars 
t antimony and bismuth enclosed in a brass cylinder, 
be whole arrangement being but two and a lialf inches 
bng and about half an inch in diameter. The termi- 
Bl bars were connected by wires to a delicate gal- 
tanometer. This contrivance was so sensitive to slight 
Kianges in fempemtnre that when the hand was brought 
r to one end of the instrument the current generated 
sufficient to move the needle several degrees. Two 
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of the most efficient thermo-electric batteries are those 
of Noe, of Vienna, and Clamond, of Paris; the former 
being more sjreedily excited and giving a powei-ful 
current, and the latter being very strongly constructed. 
To sum up : A thermo-electric battery may be briefly 
defined as a device which -transforms heat into elec- 
tricity. 

40. Has the thermo-electric battery ever been employed for 
. practical puiposes f 

Yes, it has been applied to sevei-al purposes. Mel- 
loni, at a very early date, used the tliermo-pile, previ- 
ously described as having been constructed by liim, to 
measure small diEEerences in temperature. Clamond'^ 
battery has been quite extensively experimented with in 
England for working telegraph circuits. It was expect- 
ed that the thermo-electric pile, in Clamond' s improved 
I form, woiild, on account of its low resistance, be useful 
as a universal battery — that is, one from which many 
' circuits are worked ; and at one time five thermo-batter- 
ies were used to work no less than ninety separate 
circuits from the London poet-office. Each of these cir- 
cuits was less than one hundred miles in length, AU 
' the thermo-batteries, however, ultimately failed by the 
, burning out of the insulating material between the 
I several layers of bars. This is probably not a fault 
t which will prevent the thermo-pile from being eventually 
[ used. 

[ But the most important application of the thenno- 
[ electric battery has hitherto been to furnish a current 
L for the electro-deposition of metals, or, to use more fa- 
I mUiar terms, for electro-plating. It was first so used in 
I 1813 by Moses Poole, and patented, but did not then 
I come into general use. Thermo-electricity has, however, 
I been more or leas employed since that time for plating, 
I and, since the invention of Clamond, has done efficient 
I work. Clamond's thermo-electric battery is now in use 
[ in various plating establishments in Birmingham, Lon- 
I don, and Sheffield, and it is said thafa machine of one 
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hundred bars, with a consumption of eight to nine feet 
of gas, deposits an ounce of silver per hour. 

These batteries have experienced such important im- 
provements of late years that it is believed they will 
soon be utilized v^ith great advantage. 



CHAPTER IV; 

EARTH-CURRENTS AND EARTH-BATTERIES. 

41. What are earth-currents f 

They are currents which are always flowing through 
telegraphic lines, and which depend for their existence 
on a difference of potential between the two points of 
the earth at which the line is terminated. They are, 
therefore, currents flowing from one part of the earth to 
another, which, being of course subject to the ordinary 
laws of electricity, and finding another path open to 
them at the ground-plate where they enter, divide there, 
part of the current taking the wire route to the distant 
point, the other part taking the route through the 
earth. 

They vary in strength at different periods in the day 
and year, and sometimes are so strong as to render the 
worldng of a line difficult. They are then called electric 
storms. 

Sometimes they flow in one direction, sometimes in 
the other, and in any case are very unwelcome visitors 
in telegraph lines. 

They are particularly frequent on long cables, and en- 
danger the safety of the cable. They also render test- 
ing with tlie galvanometer very uncertain and incoirect. 

42. How may the effects of earth-currents on telegraph lines 
he obviated f 

On ordinary telegraph lines this may be done in two 

ways : The first mode may be adopted when two wires 

run parallel to each other; it consists in abandoning 

the use of the ground-wires at the terminal offices, and 

looping the wires, so as to form a metallic circuit. In 

practice, if the wires are looped together at but one end 

the result is satisfactory. 

41 
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The second method may be used where there axe not 
two wires parallel to each other, and is effected by re- 
moving the ground-wire at one end of the line and 
lengthening the circuit by connecting another line run- 
ning in another direction to it, so that if a straight line 
were drawn connecting the two end offices it would be 
out of the direction of the earth-current prevailing at 
the time. 

In the case of submarine cables of considerable length 

the same result is effected by the use of condensers, 

which are interposed between the ends of the cable and 

the ground. 

43. Are there any other currents which appear on telegrap?% 
lines tcithout apparent cause f 

Yes. If tlie earth-plates of a circuit are of different 
metals a permanent current will be set up, varying in 
strength according to the metals used. For example, 
if a copper plate be buried in the earth at one end of 
the line, and a zinc plate at the other, the current will be 
comparatively powerful. If one earth-plate be of lead 
and the other of iron, the current will not be as strong 
as that developed by the copper and zinc, but it will still 
be quite perceptible. 

This may readily occur, and to the inexperienced 
electrician sometimes proves very puzzling. If, for in- 
stance, the wire be grounded on an iron gas-pipe at one 
end of the line and on a lead water-pipe at the other, 
and a current appears, as under the circumstances it 
surely will, it needs some experience to determine its 
origin. When suspected one ground or the other must 
be changed until no current passes. 

This current hns been utilized under the name of the 
earth-battery current. It was used by Gauss in Ger- 
many at an early date, was subsequently employed by 
Bain to work electric clocks, and in 1846 was used bv 
Steinheil on a Bavarian telegraph line twenty miles long. 
For telegraphs, however, it has not attained any re- 

•rkable degree of success. 



CHAPTER V. 

MAGNETISM — ELECTRO-MAGNETISM AND ELECTRO- 
MAGNETS. 

i4. What 18 magnetism f 

It is the name given to the science which treats of the 
peculiar properties of attraction, repulsion, polarity, and 
the development of magnetism in other magnetic bodies 
by induction, which are possessed, under certain condi- 
tions, by iron and some of its compounds, and in inferior 
degree by nickel. The metals cobalt, chromium, and 
manganese also possess magnetic properties to a limited 
extent. 

The term is also employed to denote the cause of mag- 
netic phenomena. The name is generally supposed to 
be derived from Magnesia, a place in Asia Minor, where 
the natural magnet was originally found by the Greeks. 

The existence of magnetism is noticed in very ancient 
Chinese, Greek, and Roman manuscripts. 

45. What is a magnet f 

A body which exhibits magnetic properties is called a 
magnet. The name is usually confined to the ferrous 
substances mentioned above (44) ; but all conductors of 
electricity are capable of showing similar effects while 
conveying a current. 

46. What is a natural magnet f 

The natural magnet, often also called the loadstone, is 
an ore of iron, called by chemists ferrosoferric oxide. 

It is known by the symbol F' O*, and is by minera- 
logists termed magnetite. It is generally met with in 
small pieces, but sometimes occurs of quite a large size. 

It is composed of about seventy- three parts iron and 

43 
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twenty-seven oxygen. First found in Magnesia, in Asia, 
it has since been procured from many other places, and 
at the present time the most i)owerful natural magnets 
are found in Siberia and in the Harz Mountains of Ger- 
many. 

The natural magnet has been known in almost every 
country from the earliest ages, and in nearly every lan- 
guage the name given to it is based on its supposed 
partiality for iron. The English name loadstone is de- 
rived from the Saxon word Icedan (to lead), a name sug- 
gested by observation of its directive power. 

The attractive force of the natural magnet is not great 
in proportion to that exhibited by artificial magnets, as 
it is very seldom that a piece is met with that will sus- 
tain its own weight. 

47. Wliat is an artificial magnet f 

It is a body possessing all the properties of the natu- 
lul magnet, these piojierties having been imparted to it 
by artificial means. If a bar of hard steel is repeatedly 
rubbed from end to end by a magnet, the steel receives 
all the magnetic properties. Or if such a bar is placed 
within a helix of insulated wire, and a current of elec- 
tricity passed through the helix, the bar becomes mag- 
netic. A piece of steel thus acted upon is an artifi- 
clal magnet. 

The property which magnets have of imparting mag- 
netism to steel is extremely valuable, as steel can be 
easily shaped into any required form, and utilized in 
many ways and for many purposes that a natural mag- 
net could not be ajiplied to. 

4S. What are the characteristic properties of magnets f 

First, Attraction., This property resides principally 
in two opposite points. These points are called poles. 
When either pole of a magnet is brought near to a piece 
of iron a mutual attraction takes place between them. 
The reason is that the iron also becomes magnetized by 
its proximity to the magnet, the part which is nearest 
neither pole of the magnet acquiring an opposite polar ' 
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ity to it, causing the iron to attract the magnet with a 
force equa.1 to that with wMch the magnet attnicts the 
iTOU. Thns it will be seen that the 
attraction which a magnet appar- 
ently has for iron is reaUy an attrac- 
tion for the opposite pole of another 
magnet, as gi-aphically shown in 
Figure 19. 

Second, R&pulsidn. This is seen 
in the action of two magnets upon 
each other. If two magnets are 
suspended so that they can move ' 
freely in an horizontal plane, and . 
their similar poles are placed close 
together, they will he observed to 
repel each other a,nd turn round 
until their opposite poles are in 
juxtaposition. Or if, as in Figure 
20, one of the magnets, s n, is sus- 
pended, and the second, N S, is pig i»- 
brought close to it, the north pole of one being pre- 

nsented to the north pole 
of the other, a quick re- 
pulsion takes place ; the 
same occurring also if two 
south poles are brought 
together. 

Thus the two magnetisms 
in this have a resemblance 
to the two electricities : 
like poles repel ; opposite 
poles attract. 

Third, The power of de- 
veloping magnetism in 
iron or steel by induction. 
ior, of Msgnetio Poiei Wheuevet maguetic prop- 
erties are developed in bodies not previously possessed 
[. of them, the process is called magnetic induction ; and 
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for sucli development it is not necessary that the body 
shall be brought into actual contact with the magnet. 

By bringing a magnet near to iron or steel the latter 
bodies are rendered magnetic by induction ; are then 
capable of attracting iron, and themselves possess the 
power of communicating the properties to other pieces 
of iron. This is especially the case with soft iron, and 
it is only while the iron remains in the vicinity of the 
magnet that it retains these qualities. 

As soon as the magnet is withdrawn, the iron loses its 
induced powers. With steel and hardened iron the 
case is different. When iron is hardened magnetism is 
induced more slowly, and is more slowly parted with ; 
and when magnetism is induced in hardened steel it re- 
quires, as it were, to be rubbed in. 

When once thoroughly magnetized the piece of steel 
is a permanent magnet. 

Fourth, Polarity. If a magnet is suspended so as to 
move freely in a horizontal direction it will always come 
to rest with the same pole pointing to the north, as in 
Figure 21. 

This property is called polarity, or directive force, and 
is familiarly illustrated by the ordinary compass. If the 

^ magnet is suspended so as to 
• '* move freely in a vertical plane, 
it will be found to have the 
power of inclining itself to the 
horizon at various angles, ac- 
cording to the locality. This 
power is called the dip of the 
magnet. 

North of the equator the ex- 
tremity that points to the north 

Pig.21.-DirectiveActionoftheEarth.(iipg. sOUth of the CqUator the 

other end dips. The dip varies with the latitude. Near 

•i equator the needle lies nearly level, while near 

'"'^rth and south poles it verges on an upright 
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In the latitude of New York the angle of dip is about 
. seventy degrees. 

49, What are the poles of a magnet J 

The extremities of a magnet, where its magnetic 
powers most clearly manifest tliemselves. In a bar 
magnet the poles are found very nearly at the ends. 
The earth is itself a magnet, and has north and south 
magnetic poles. The pole wliich in any magnet points 
to the north is called the north pole, and the other is 
called the south pole. Any two north poles repel each 
other, as do also any two soutli poles ; but any north 
pole attracts any south pule, and vice versa. 

The poles of tlie magnet are shown in Figure 22, in 
which iron filings are seen to accumulate at both ends 
of the bar, while 
the middle does 

' not attract them 

, at all. 

Hence the di- 
rective power of ^''^ -^-Tlic Magiiet, 

the magnet. The north pole of the earth attracts the 
opposing pole of the magnet, which, strictly speaking, 
should therefore be called the south pole; but it has 
long been customary in English-speaking countries to 
call the pole pointing to the north the north, pole, hence 
it would now tend to create confusion if the practice 
were changed. 
If a magnet be broken in two each piece becomes a 
I complete magnet, with north and south poles. 

It has been found desirable for practical purposes to 
[ distingnish the two poles by marking one of them — 
I usually the extremity which points northward — with a 
I small file-cut. Another method is to color the north 
t pole blue and the south pole red. 

50. What is a permanent magnet ? 

As previously noticed, steel (which is a compound of 
Liron with carbon), while it acquires magnetism with 
■difficulty, retains its magnetism more or less perma- 
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I nently, after the withdrawal of the inducing magnet. 
\ This difficulty in the receiJtion of magnetism, and the 
I permanency with which, when once acquired by steel, it 
I is retained, is called coercive force. 

On account of the latter property a magnet fonned of 
I hard steel is called a permanent magnet. 

Permanent magnets may be of any required form, but 
for general purposes only two styles are made — namely, 
bar and horseshoe magnets. 

51. Deacribe the bar, Jiorseshoe. and coinpomid magneta, 
A bar magnet is an artificial permanent magnet in the 
[ form of a straight- bar. The magnetic needles used in 
' telegi-apb instruments and compasses are delicate bar 
I magnets. 

A magnet whicb is bent in such a manner as to bring 
its two ends, or poles, near ea.cli other, so that they can 
be connected by a short, straight piece of iron, is called 
a horseshoe magnet. Magnets for general use are most 
frequently made in this form, because it is then easier to 
biing both poles into play upon the same object. 

The short piece of iron spoken of as being used to 
connect the poles of a horseshoe magnet should be of 
soft iron. It is called an armature, or keeper, and when 
the magnet is not being used, the armature, to prevent 
the loss of power, should be constantly kept across its 
poles. ^1. 



A compound magnet consists of two or more bar*«fl 
horseshoe permanent magnets, placed side by side and 
fastened together, with their similar poles in contact. 

They are arranged In this way for the purpose of in- 
creasing the magnetic power. 

Althongh a compound magnet is stronger than any of 
its component magnets, it is very much weaker than the 
sum of the strengths of all the magnets, were they used 
separately. This is because the similar poles of all of 
them, being laid close to one another, have a tendency 
to react on each other, and, to a certain extent, induce 
an opposite polarity in the contiguous magnets. 
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52. Describe the process of magnetizing steel for the foi'ma- 
I Hon of permanent magnets. 

TheiB are several different methods of magnetizing 

[■steel bars, needles, and horseshoes, among wliicli may 

hhe noted the following as the most important and the 

Imost generally used. Small needles can he magnetized 

• by merely placing them across the poles of a permanent 

magnet for a short time. One of the simplest ways to 

magnetize a steel bar is to place the middle of the bar on 

one of the poles of a strong bar or horseshoe magnet, and 

I draw one end of it over the pole a number of times, never 

( failing to draw it from the middle to the end ; then turn 

' the bai- end for end and repeat the process, drawing the 

other end over the other pole of the permanent magnet. 

The end that has been drawn over the north pole of the 

permanent magnet wUl possess south polarity, and the 

other will possess north polarity. 

I A horseshoe can be magnetized by drawing it over th& 

two polea of a permanent or electro magnet in such a 

way that both halves of the horseshoe pass at the same 

time over the poles to which they are applied. If it is 

thick it should be turned over, and the process repeated 

L on the opposite side. 

I But of all the modes practised the most efficient is the 
, nse of the electric current. A helix is prepai-ed, con- 
sisting of a number of layers of insulated wire. It has a 
small central opening, and when a steel bar is placed in- 
side the opening, and a strong current pnssed through 
sthe helix, the bar is strongly magnetized. 

53. What is the meaning of the term " magnetic field" f 
The presence of a magnet always modifies in some way 

Bts immediate neighborhood, so that pieces of iron and 
Mtteel brought into the proximity of the magnet acquire 
n&gnetic properties by induction ; and any oiher magnet 
{placed there shows at once that it experiences a pecu- 
r force. 

This locality immediately surrounding the magnet is 
ailed the magnetic field, and the term literally means 
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tlie extent of space siirroimiling the poles of a magnet 
in wliich the magnetic forces may be recognized. 
54. What is diamagiietism t 

In 1845 Faraday demonstrated the magnetic condi- 
tion of all matter, and showed that all bodies divided 
themselves into great elasses^the one attracted, the 
other repelled — by the pules of a magnet. As the force 
producing the former result is called magnetism, he 
gave to the force causing the repulsion the name dia- 
■magnetisvi, or cross- magnetism. And any substance 
■which, when delicately suspended between the poles of 
a magnet, instead of settling across from pole to pole, 
an-anges itself ti-ansversely to that position, so that it 
points in the same direction as the magnet and is i-e- 
pelled by both poles alike, is (tailed a diamagnetic body. 
The bodies which most strongly exhibit this force are 
bismuth, antimony, and zinc. Bnt the force of diamag- 
netism is, at its best, much feebler than that of ordinary 
.magnetism, as bismuth, which is of all substances the 
most strongly repelled, is still repulsed with a force so 
TOUch less than that exertt^d in the attraction of iron as 
to bear no comparison to it. 

fiS. What is the nature of the relation bettveen electricity and 
magnetism, and by whom icas this i-elation discovered t 
The discovery of the relationship between electricity 
and magnetism was au ob- 
ject eagerly desired and 
sought for by the electri- 
cians and scientists of the 
last century, but for such 
a protracted period without 
result that it was doubted, 
and by some even denied, 
that any such relationship 
existed. But in the year 
, 1830 Hans Christian Oersted, professor of natural phil- 
P^iBophy at CoiJenhngen, announced his discovery that if a 
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wire conveying an electric current be placed horizontally 
above a magnetic needle, and parallel to it, the needle is 
deflected, as represented in Figure 23, and tends to place 
itself at right angles with the conducting wire, the end 
of the magnet nearest the positive pole of the battery 
deflecting eastward. 

If the conducting wire be aimilarly placed under the 
needle all the effects are the same, except that they are 
in an opposite direction. 

This relationship, described in plain language, consists 
literally in the fact that a wire electi'ified by a constant 
source or stream of electricity becomes practically a 
magnet (or, to speak more correctly, a straight current 
produces in a wire a magnetic field, in which the lines 
of force are circles concentric with the wire), and dis- 
turbs the magnetic field of the earth's magnetism, con- 
sequently tending to deflect a magnetic needle, pivoted 
within the sphere of its influence, from its position 
pointing north and south. 

From the foregoing facts, when announced by Oersted, 
Ami>ere, of Prance, made the deduction that "magnet- 
ism is the circulation of currents of electricity at right 
angles to the axis joining the poles of the magnet." 
Arago (also a French scientist) sjiortly after showed 
that every conductor of electricity, while conveying a 
current, becomes possessed of magnetic powers, and in 
the same year discovered that current electricity would 
magnetize small pieces of iron and steel ; and he accom- 
plished this by placing them in a glass tube and wind- 
ing a wire, which connected the two poles of the battery, 
round the tube. Sir Humphry Davy, of England, like- 
wise in 1820 found that sewing-needles could be mag- 
netized by merely nibbing them across a wire convey- 
ing electricity. From this time electrical discovery hag 
been rapid and progressive. 

The two forces are so intimately connected that by 
many scientists they are considered to be only different 
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manifestations of the same agency, the motion of a 
magnet always producing electricity, and the transfer of 
electricity as uniformly producing magnetism. 

56. WJiut is eleetrv-mar/netisin / 

It is that department of electrical science which re- 
lates to the development of magnetism and the deflection 
of magnetic needles by means of electrical cuii-ents. 

57. Wfiat is an dectro-magnet T 

A heiis of wire conveying a current of electricity has 
magnetic properties. If sucli a spii'al be made of insu- 
lated wire and wound on a bar of soft iron the ii-on be- 
comes magnetized and its force is added to that of the 
coil. The combination of the coil and the ii-on together 
is called an electro-mar/ net. Electro-magnets may be 
made of any form, but the most common forms are the 
bar, in which the poles are as far apart as possible, 
and the horseshoe, in which the poles are as close to- 
gether as possible. 

For practical purposes they are made by winding 
covered copier wire on two bobbins or spools, a a\ pass- 
ing soft-iron cores, c &, through them, 
^^^^^^^m fixing the two soft-iron cores on a 

M^ connecting piece or yoke, h, also of 
Bj soft iron, and connecting the two 
I spirals together in such a manner 
I that if the cores were straightraied 
|\ out into one bar the wire would be 
" coiled in the same direction from 

" ; one end to the other. 

The ends of the cores are called Mhe poles of the elec- 
tro-magnet. 

An electro-magnet has, as long as the current flo^^ 

in the coils, all the properties of a permanent magnet, 

. and can be made to ijossess much greater power than 

I* permanent magnet of the same size. The magnetic 

■we developed in any electro-magnet is dependent 
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on the strength of current, the number of turns the 
wire takes round the core, and the size of the ii-on core 
itself. 

The first electro-magnet was made in 1835 by Star- 
geon, but a practical and useful one was not produced 
until 1830, when Professor Henry constructed the first 
magnetic spool or bobbin ever produced, by winding in- 
sulated wii'e round a soft-iron core, and by so doing ex- 
alted the power of the electro-magnet in an astonishing 
degi-ee. 

58. What is residual magnetism ? 

We have seen that when a piece of soft iron is brought 
near to a magnet it becomes magnetized by induction, 
and that when removed from the influence of the mag- 
net it loses all trace of its .induced magnetism. This is 
also the case with electro-magnets. When a current is 
conveyed through the coil of the electro-magnet the 
soft-iron core is strongly magnetized ; and when the 
circuit is broken, or from any cause the cun-ent ceases 
to flow, demagnetization instantly takes place. It is 
this property that makes the electro-magnet so valuable 
and so universally useful. It must be observed, how- 
ever, that this complete demagnetization is dependent 
on the quality and softness of the iron. If it is not 
very soft and pure, or, in the case of an electro-magnet, 
if the armature is allowed to touch the poles, a certain 
amount of magnetism remains in the iron, and is called 
residual magnetism. Hence the iron used should be of 
the softest and purest kind, old Swedish iron being 
preferable. 

69. In making caJculatiojis on 
is the resistance of the battery to h 

In short circuits, where the resistance is proportion- 
at«ly large to the resistance of the rest of tlie circuit, it 
Bhould be. For example, in a local circuit of a Morse 
Bounder there is practically no resistance outside of the 



I 
I 



— LUDIC Xa pid^lili^ilLli^ JLU i COlO ml I VC UUtOluCi KIL uuc 



I 



64 ELECTRICITY, MAGNETISM, AND TELEGRAPHY. 

80under-coil, except the battery. It is obvious, then, 
that it must be considered and the coil made equal to 
it. But when the battery of a very long external cir- 
cuit is in question it is not necessary to Include the re- 
sistance of the battery with that of the circuit, because, 
though large, it is yet, in proportion to the rest of the 
circuit, very small, and to simplify the calculation it is 
usually ignored. 

60. Has tlie length of Ike iron core any effect on the working 
of an electro -magnet i 

Yes. Electro-magnets with short cores charge and 
discharge more rapidly than those with long ones. Ad- 
vantage of this fact has been taken in telegraphy, and 
all the later forma of relay have short cores. A magnet 
also works quicker when charged by a battery of many 
sells than when few are used. Wlien strength rather 
than speed of action is required it is well to employ 
magnets with long cores, because the convolutions of 
wire can then be increased in number without increas- 
ing their distance from the core, by adding a great num- 
ber of layers of wire. 

61. What proportion should the resistance of an electro-mag- 
net bear to the resistance of the otfier component parts of the 
circuit t 

It is one of the laws of electro-magnetism that with 
any given battery the greatest magnetic force is obtain- 
ed when the resistance of the coils of the electro-mag- 
net or magnets is equal to the resistance of the other 
portions of the circuit— that is, of the batteries and con- 
ducting wires. This law holds good practically on short 
and local circuits ; but on long telegraphic circuits it is 
only applicable when they are perfectly insulated. It 
is, therefore, nsnal in telegrapliic practice to make the 
total resistance of the electro-magnets considerably less 
than that of the line, when in good order, so that in bad 
weather the best results may be obtained. 

To illustrate : It is required to ring a bell over a copper 
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wire one hundred feet long, with two cells of Leclanche 
battery. What should be the resistance of the bell-mag- 
net to obtain the greatest magnetic power 3 The Le- 
clanchS cell has an internal resistance of about one ohm; 
therefore two cells would have a resistance of two ohms, 
and in this case the conductor, on account of its short- 
ness, may be ignored. The resistance of the bell-magnet 
need be only two ohms to obtain the best result. The 
consideration of wire comes in here. Although we have 
decided that the resistance of the coils should be two 
ohms, it is still possilile to err in the size of wire em- • 
ployed ; therefore after ascertaining, by the relative re- 
sistances of the circuit and the mle already given, what 
the resistance of the electro- magnet should be, we must 
take care not to use wire that is too fine, or we shall 
reach the required resistance before the core is suffi- 
ciently covered to give much magnetic effect, as with 
very fine wire it takes very few convolutions to give a 
resistance of two ohms. 

It is essential not to use wire that is too coarse, as in 
that case we have to wind so many layers that, except 
in the first one or two layers, the convolutions are so far 
away from the core as to lose their influence on it. Wire 
should always be chosen, therefore, for winding electro- 
magnets that will reach the required resistance before 
the last convolution attains a distance of half an inch 
from the core. Between half an inch and three-eighths 
from the core is the best distance for the last layer of 
wire. 

We will now suppose a line half a mile long, built of 
No. 9 iron wire, with two bell magnets in circuit, and 
a battery of ten cells. The battery resistance is ten 
ohms, the line resistance about eight ohtas ; total resist- 
ance of line and battery is, then, eighteen ohms. The 
sum of the electro- magnets should then, likewise, be 
eighteen ohms, or nine ohms each, to obtain the great- 
est magnetizing power from the given battery of ten 
cells. 
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62. In constructing an dectrO'magnet for a verp short cir- 
cuit wh(xt kind of wire should be used, and why f 

We have seen that the resistance of the electro-mag- 
net coil should be equal to that of the other portions 
of the circuit. It is, therefore, apparent that to accom- 
plish this in a very short circuit it is necessary to em- 
ploy a comparatively short, coarse wire — short, because 
even a very small addition would increase the resistance 
of the circuit out of all proportion ; thick, because the 
current is not greatly enfeebled by its use, while the 
number of convolutions it allows of are suflBcient to 
eflfect a strong magnetization. In short, we use a com- 
paratively thick wire because it is necessary to get the 
greatest magnetic eflfect without the weakening of the 
current consequent on the use of a thin wire, which 
necessarily is of high resistance. 

63. How should an electro-magnet he made for a very long 
circuit, or a circuit of very high resistance, and why f 

For a long circuit, such as that of a telegraph line, or a 
circuit which has a high resistance outside of the coil — 
for instance, in the battery — the magnet must be wound 
with a very fine, small wire of great length, which will 
allow of a great number of convolutions being wound 
over the core without exceeding the distance at which 
they cease to increase its magnetism. The reason of this 
is that in a very long circuit, like a telegraph line, or 
in a circuit of very high resistance, the current is neces- 
sarily very weak and feeble, even though the battery be 
•composed of a large number of cells. The coil is, there- 
fore, made of fine wire, so that a great many convolu- 
tions can be used, each one adding its own influence to 
the combined magnetic eflfect, while its own resistance 
(which, considered by itself, is great) is yet so small in 
proportion to the entire circuit that it does not decrease 
the strength to any great extent. 

The rule relating to the proper proportion of the 
electro-magnet to the circuit holds good in this case, 
^or example, we have a line, two hundred miles long, of 
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\lSo. 9 wire, and a battery of eighty Callaud cells. We 
fare to have five relays. What should be the resistance 
► of each of those relays ? 

" We call the line-wire resistance 16 ohms per mile ; 
then for 200 miles the line resistance will be 3,200 
ohms. Calling the battery resistance 3 ohms per cell, 
the resistance of the entire battery will be 240 ohms, 

» giving as the total resistance of line and battery 3,440 
ohms. Then, following the rule already given, we must 
make the total resistance of the electro- luagnete 3,440 
«hm6 also. This divided by B, for the mimber of mag- 
nets, gives as the resistance of each magnet 688 ohms. 
In practice, however, as has already been observed, it is 
well to keep the magnet resistance less than that of the 
line and battery, to allow for variations in resistance 
due to weather. Moreover, in this country, for unifor- 
mity, the resistance of the majority of relays nsed is 
made veiy much the same for comparatively long and 
short circuits. 
^L "The condensed reason, then, why we use fine wire — 
^Bfiiid a great deal of it — for circuits of high resistance, is 
^^that the high resistance of the circuit greatly enfeebles 
^B^he current, and we must use fine wire to make the best 
^Bof the remaining strength of the current by a greatly- 
^" increased number of convolutions." 

64, When we require an electro-magnet for long lines, or for 
^rcuitB of great resistance, tchy do we call for one of high re- 
■aiatance f Is high registaiice advantageous f 

No. Resistance, considered by itself, is a positive dis- 
advantage, because every additional xinit of resistance 
■added to the circuit tends to further enfeeble the cur- 
rent. But, as already stated, to make the most of the 
existing current we require many turns of wire, and the 
resistance is a necessary but unwelcome adjunct. If we 
conld obtain the convolutions without the resistance it 

ranch the better, but that is impossible ; 
n found convenient to designate magnets 
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intended to work on long lines as high-resistance mag- 
nets — not because it is in virtue of their high resistance 
that they work better, but simply because they necessa- 
rily have a high resistance, and to denominate them as 
such is an easy way to distinguish them. 




:agneto-electbicitt, and magneto and dtnamo- 
electric machines, 

65. WTtal is magneto-electricity 1 

It is a name which has been applied to electric cur- 
rents which are developed by the relative movements of 
' magnets and electric condactors. The tenn refers sim- 
ply to the mode of generation, and there is no difference 
in kind or character between such cuiienth and electric 
currents developed any other way. P^or example, if a 
magnet and a coil of insulated wire are caused to alter- 
nately approach and recede from each other rapidly, 
momentary currents are induced in tlie coil, which are 
alternately opposed to each other in direction. The pro- 
cess of developing magneto-electricity, as already stated 
"l/eee answer 18), is called magneto-electric induction. 




]lo-El«ctric Indncdon. 



lit is one of Faraday's most important discoveries. 
' ! experimenting iu the year 1831, he ascertained 



» 
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that "by inserting the end of a permanent magnet into 
the middle of a coil of wire to which no battery wa; 
attached a current of elei'tricity was pi-odiiced, whose 
direction depended upon the pole of the magnet inserted 
and the direction in which the coil was wound. By in- I 
serting the other end of the magnet a current in the 
opposite direction was produced. 

In the same year he produced a spark, a, 6. by pulling 
an armature, s (covered with a coil of insulated wire, n), ■ 
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from the poles, N, S, of a magnet (Pigui-e 26), and also 
obtained magneto-electric currents by rotating a copper 
plate between the poles of a magnet, and by sliding a 
coil of insulated copper wire upon a bar magnet. We see, j 
therefore, that by the mere motion of a magnet in near ] 
proximity to a conductor, or of a conductor in the imme- 
diate vicinity of a magnet, without any battery, dynamic ] 
electricity may be pnxluced. In the next year, 1833, the 
first magneto-machine was invented, and electricity gen- 
erated in this manner is now one of the most important | 
agents in the useful arts, and is for many purposes to be 
preferred to that produced by voltaic batteries. 
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It has been extensively applied in ways too numerous 
recapitulate. The following are, however, a few of 
most important applications : 

Magneto- currents generated by small machines are 
frequently used for medical purposes, and have also 
been much employed in the experimental room and 
iboratory for clieraical and physiological i-eactious. 
It is now almost nniversally used in the production of 
the electric light, and was lirst employed for that ob- 
ject by F. H, Holmes, who showed a machine for the 
purpose in the International Exhibition of 1862, since 
which time whenever the electric light has been profita- 
bly used, its currents have been generated by magneto- 
machines. 

For blasting, and the explosion of mines and sub- 
gaaiine charges, it has proved a very valuable agent, 
"rofessor Wheatstone having devised ap ingenious ap- 
paratus for the ignition of fases. It has the power 
of igniting from two to twenty-five fuses simultane- 
ously. 
The application of magneto-electricity to electro-plat- 
5 was an event of importance in the history of that 
It was first so applied in 1842, and the machine 
hen introduced was used for many years, biit has now 
sen superseded by newer and more impi-oved arrange- 
lents, such as the Gramme, Weston, or Siemens and 
Jteneck machines. 

'. One of the most important applications of magneto- 
^flectricity is to telegraphy. Gauss and Weber, in 1833, 
moved their telegraph needle by magneto-electricity, 
which was the first employment of Faraday's discovery 
in snch service. 

Subsequently Steinheil in 1S37, and AVheatstone in 

1840, made great improvements in apparatus ; and at 

^mtiiB present time Wheatstone's alphabetical telegraph 

^■b almost exclnsively employed on country lines In Eng- 
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land, while the magneto-pointer telegraph of Siemens 
and Halske holds its own as a private-line instrument 
in Russia and Germany. In out own country the mag- 
neto-printers of Gr. L. Anders are well and favorably 
known. 

The magneto- current has been more extensively em, 
ployed during the last few years than ever before, owing 
to the extraordinary number of magneto-bells manufac- 
tured and introduced as telephone signals. The tele- 
phone itself is also an important application of magneto- 
electricity, which will be more fully considered here- 
after. 

A few years since an attempt was made by J. B. 
Fuller, of Brooklyn, N. Y., to work the Morse telegraph 
lines of the Western Union Telegraph Company by 
means of a dynamo electric machine. On account of 
the high speed necessary at that time to produce a 
uniform current this experiment was unsuccessful and 
was soon abandoned. 

In 1880 Stephen D. Field, of New York, renewed the 
experiment with improved apparatus and with a dif- 
ferent arrangement of circnits. He used three ma- 
chines, two of which had their armature coils in the 
circuits to be operated, while the third machine served 
to energize the field magnets of the fii'st two. 

And at the present time dynamo-electric machines have 
at many of the main offices (not only of the Western 
Union Telegraph Co., but also of the Postal Telegraph 
Corajiany and its allies) been substituted for batteries as 
sources of electricity, with extremely satisfactory results. 

67. Has the niagnetn-electrie system of (feveloping electricity 
any advantages over tJie voltaic-battery method t If so, descrilte 
some of them. 

For certain purposes it has decided advantages, some 
of which may be enumerated as follows : 

On comi)aratively short telegraph lines, such as pri- 
vate and municipal telegraphs, it is far superior to the 
battery system, inasmuch as although the first cost of 




The macliiiie is greater, there is practically no outlay for 
its management and maintenance, while the expense and 
annoyance inseparable from the maintenance of batter- 
ies are totally dispensed with. 

It liaa also been ascertained, in the practical working 
of magneto-telegraphs, that they will work satisfactorily 
over a heavy escape that renders a line worked by bat- 
ries totally inoperative. 

In tUe production of the electric light the magneto- 

tachlue presents great advantages on the score of ecoa- 

my and convenience. It has also been the most valu- 

Kble agent in bringing the cost of the light within com- 

Biercial requirements. 

The chief objection to the use of the electric light was 

formerly the euormoiis expense necessarily contingent 

^on the continued use of large voltaic batteries, and the 

tonsumption of zinc and other materials essential to 

sep them in good working order. 

The introduction of the magneto-machine in 1862 by 
E[olmes, and the snccessive improvements that have 
Knee been effected by Wilde, Siemens, Wheatstone, 
add. Gramme, Weston, and others, have completely 
obviated this objection and made the electric light an 
ordinary illuminator, known and valued by many, in- 
^^itead of being, as formerly, a cabinet curiosity, only 
^^brithin the grasp of the professional electrician. 
^Hl These machines have also, with excellent results, been 
^^^pplied to electro-plating and electrotyping, and for that 
service ai-e now being universally preferred to batteries, 
with the same advantages as in their application to 
lighting. This application of magneto-electricity was 
first made in 1842 by J. S. Wookich, who took out a 
patent for the use of a magneto-electric machine in elec- 
tro-plating. The modem machines of Wilde, Gramme, 
Siemens and Alteneck, and Weston have, however, en- 
tirely superseded the Woolrich machine, and are now, 
Ksome of their multitudinous types, constantly used. 
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five years without repairs or outlay, except the cost of 
oil for lubrication. 

But since the general introduction of the telephone 
magneto-electricity has been extensively employed for 
signaling purposes. Mei'ely mentioning the telephone 
itself, in which the magneto currents may be said to be 
involuntarily generated, it was early seen that some sig- 
nal was necessary to attract the attention of the distant 
telephone operator ; and the application, in a branch 
circuit, of the magneto-electric generative apparatus, in 
combination with the special jiolarized armature invented 
by Thomas A. Watson, answered the purpose so admi- 
rably that it is still used substantially in the same man- 
ner as at first. 

Many thousands of these bells are now in use, and 
will be fully described in their place. The use of the 
magneto-bell for a signal has also the advantage of 
being able to ring over long or short lines indifferently, 
and in large offices the economy in maintenance, and the 
valuable sijace saved which would otherwise be devoted 
to large batteries, is such a c(:)nsideration as to render 
the magneto system the only one now regai-ded as worth 
a second thought. 

88. What is a magiielo-electric madhine f 

A magneto-electric machine may briefly be defined as 
an apparatus whereby mechanical motion is by means of 
magnetism tmnsformed into electricity. Such machines 
are made in many difierent forms, and the modifications 
of the machine are almost as numerous as are those of 
the voltaic battery. Nearly all may, however, be com- 
prehended in three classes : 

first. Those iu which the working cun'ent is gene- 
rated by the movement of coils of wire in the vicinity 
of permanent magnets. 

SecoTid. Those in which a comparatively small penxta- 
neot magnet and armature ai-e made to generate a cur- 
rent which is merely made use of to excite a very large 
'^ectro-magnet. This is then used to induce a second 



MAGNETO- ELECTIIICITY, ETC. 



current, wliicli can be as much stronger than the first as 
the electro-ma^et is more powerful than the permanent 



Third. Those in whicli the small amount of residual 
magnetism always present in electi'o-magnets is utilized 
to geuei'ate a current, which is first ust^d to increase th& 
magnetism of its inducing magnet and thereby its own 
sti-ength. When the cmrent reaches the recLuired point. 
of strength, in some of the machines of this class, a por- 
tion is shunted off for use, while another portion is di- 
rected continuously through the coils of the inducing; 
magnet, thereby maintaining its magnetism. 

In other machines the wliole of the cun-ent generated 
in the armature-coil is led through the magnet-coil be- 
fore passing out to the external circuit. 

Each of these three classes may be again subdivided 
into machines furnishing alternating aad machines fur- 
nishing direct or continuous currents. 

fl9. Describe a machine of the first class mentioned. 

This class of machine is the simplest of any, and for 
a long time was the universal type of all magneto-ma- 




1 



['cWnes in use. It is shown in Figure 27, A pair of 
[• coils, c d, of insulated wire, connected together in the 
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same way as electro-magnets, contain soft-iion cores, a 6, 
united by a soft- iron yoke-piece, X ; these are fixed on 
a horizontal axis, S, which may be revolved rapidly by 
means of a cord passing over a multiplying- wheel, W, 
and a pulley on the axis S, in front of the poles of a 
permanent magnet or series of magnets, M. The rapid 
alternate approach and retreat of the coils through the 
magnetic field of the permanent magnet induces cur- 
rents in each coil, which, by means of a circuit-breaker, 
Jc % dipping into a mercury bath having two chambers, 
7 m, insulated from one another, are made intermittent, 
and thus shocks may be received from the handle-con- 
ductors, H H. 

Dispensing with the circuit-breaker, the currents may 
be led off by suitable conductors. For some purposes, 
;such as ringing bells, these reversed currents are used 
just as they come from the machine ; but if the current 
is required to be continuous and to flow in the same 
direction constantly, as it necessarily must for many 
purposes, an arrangement called a pole-changer or com- 
"mutator \^ attached to the axis of rotation and to the 
terminals of the coils, which brings both currents into 
the line in the same direction. The commutator, one 

_^^ form of which is re- 

W presented in Figure 

28, is an attachment 

on the aiTuature-shaft, 

by which tlie two 

leading- out wires are 

reversed at the same 

^''^' ^- instant that the cur- . 

rents are ; so that, on the well-known principle that two 

negatives are equivalent to an affirmative, the current 

reversal does not become apparent. 

The above remarks do not refer to machines working 
upon the principle of the Gramme machine, since such 
machines originntp a constant current in one direction. 
Machines of the class just described may, and now 
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often are, provided with a Siemens armatnre instead of 
the two helices lixed upon the soft-iron cores and yolte- 
piece. 

70. What was the first important advance made in Tnagneto- 
macltines after the invention of those already described ? 

The invention of the Siemens armature. It was pro- 
posed in iy57 by Dr. Werner Siemens, and consiats of a 
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cyKndrical piece of soft iron hollowed ont at two sides 
for the reception of insulated wire wound longitudinally 
or parallel to its axis. 

This ai-mature is shown in Figure 29 ; No. 1 represent- 
ing a side view, No. 2 the coiled armatnre, and 3 an 
end view thereof. In No. 1 G shows the hollowed sides 
before winding. In No. 9 L L is the commutator ; 
H H brass bands which bind securelj' the bands of 
covered wire ; I I are the axles on whicli the annatiire 
revolves, and K a pulley for a driving-belt. This ar- 
mature is fixed on bearings in a magnetic cylinder 
formed by the extension of the poles of the pennanent 
or electro magnet, which are joined together by brass 
or copper strips. 

The Siemens armature is rapidly revolved within this 
chamber, and from its position directly between the 
poles of the magnet, where the magnetic field is much 
more intense than in that occupied by the old form of 
armature, much more powerful currents are produced. 
The terminals of the wire wound round the armature 
are led out of the chamber and convey tlie current to 
its desired destination. 
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71. Describe a machine of the second class which illustrates the 
second great improvement. 

The machine which may be regarded as the type of 
the second class is that of Henry Wilde, of Man- 
chester, England, who discovered that if the current 
produced by the revolving armature of a permanent 
magnet was made to flow through the coils of an elec- 
tro-magnet, a degree of magnetism much stronger than 
that of the original magnet, was produced by revolving 
the armature sufficiently fast. 

Having made this discovery, it then occurred to him 
that an electro-magnet so excited might be used to 
evolve a proportionately large amount of electricity. 
Making a machine embodying the principle, he discov- 
ered that such was the case. The following is a descrip- 
tion of the Wilde machine, as patented by him in 1867 : 

A very large electro-magnet, A B, of the horseshoe 
pattern, forms the lower and much larger part of the 
machine, and is fixed with its poles downward ; the 
yoke-piece joining the two electro-magnet cores is util- 
ized as a base whereon to place a series of permanent 
magnets, M, also having their poles downward. 

The permanent magnets are much smaller than the 
electro-magnet. Both magnets are provided "with Sie- 
mens armatures, which are rapidly revolved simulta- 
neously by the same power. The armatures rotate in 
what is called the magnet-cylinder. 

This, in the upper cylinder, is formed by masses or 
pole-pieces of iron, m n^ and in the lower by similar 
pole-pieces, T, attached to the poles of the magnet, and 
kept separate from each other by brass or copper plates, 
o and i ; these are bored to make a cylindrical cavity. 

The upper armature is rotated with a velocity of about 
twenty-four hundred revolutions per minute, and the 
current thereby obtained is directed, after passing 
through a commutator, to binding-screws, p and q^ and 
thence through the coils of the electro-magnet below. 
These currents maintain the electro-magnet in a state of 
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powerful magnetization, and the currents induced in its 
revolving armature are much more powerful than those 
of the exciting magneto-machine, and are utilized in the 
work done external to the machine. With such a ma- 




chine au iron rod fifteen inches long and one-fourth of an 
inch thick was melted. Machines pmbodying this prin- 
dple have largely gone into use during the last seven 
' ars for the generatit)n of alternating currents, and are 

led " separately excited machines." 




J 
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72. Describe generally the machines of the third class which 
include the third great improvement. 

The principle on which the third class of machines 
ia based was first patented in 1854, jn England, by Sorea 
Hjorth, of Copenhagen, who was indisputably its first 
discoverer, and also the first inventor of a machine 
whereby the said principle was made operative. 

In December, 1866, the same principle was i-edis- 
covered and repatented by 8. Alfred Varley, and in 
February, 1867, was communicated to the Royal Society 
by Professor Wheatstone and by Werner Siemens, each, 
of these gentlemen having independently made the dis- 
covery, while neither of the latter appeal' to have known 
anything of the prior patent of Hjorth. 

This principle is, brietiy stated, "that electro-magnets, 
after being once magnetized, always retain a little mag- 
netism ; and that if the generating armature-coil of a 
magneto-electric machine be placed in circuit with the 
wire fonning the helices of the inducing magnets, or if 
the latter are arranged to form a derived circuit with 
the circuit of the armature-helices, when the aimature 
is rotated, infinitesimal currents are generated by metins 
of the initial weak magnetism. These circulate round 
the helices of the inducing magnets and increase their 
magnetism, causing the production of stronger currents. 
These currents are again sent round the inducing mag- 
net-helices, strengthening the magnetism still more; it 
again reacts on the armature, this mutual give and take 
continuing until the inducing magnets become saturated 
with magnetism, when the currents generated are of 
great power. 

It must be understood that this principle of mutual 
accumulation is applicable to all machines provided with 
electro field-magnets. Nearly all the best and most 
powerful machines now constructed are arranged upon 
this principle ; for example, those of Brush, Siemens and 
Alteneck, Gramme, Weston, Edison, Maxim, and others. 
One of the first machines made embodying the principle 
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was that of Ladd ; and a general description of Ladd's 
machine will suffice for all, aa, although each machine 
has different detaila of construction and arrangement, 
the method of applying the accumulative feature is sub- 
stantially identical in all, 

Ladd's machine consists of two parallel electro-mag- 
nets, B E'. A Siemens armature, M, is placed at each 
end. They are, however, of different sizes. The smaller 
one is in circuit, by means of wires p n, with the coils 
of the electro-magnet, and the larger one furnishes the 




■working current, which, by wires p' n', is led wherever 
desired. The two armatures are revolved simultane- 
ously. The current is at first generated in the coils of 
the smaller armature by the residual magnetism of the 
^ electro-magnets. This armature, as it revolves, sends 
[ the currents generated in its coils through the coils of 
the magnet. The magnetism thus increased magnifies 
J -the currents induced in the revolving coils, and at the 
^isame time develops powerful ciirrents in the larger 
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armature, thus carrying on the principle of mutual ac- 
cumulation. The current developed in the larger arma- 
ture is utilized for the purpose desired, which in the 
figure is represented as a,n electric light, I. Ia,dd'a ma- 
jchine is really a combination of the ideas of Wilde 
with the principle of accumulative action. 

73. UTiat is the principle and general construetion of ih% 
Oramme and other ring-armature machines .' 

The Gramme, Brush, and all machines using the ring- 
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armature, have for their vital principle the simple fact , 

of the substitution of the soft-iron ling for the rotating- 
shuttle armature of other machines. The ling armature 
■was first proposed in 1860 by Dr. Pacinotti, of Italy ; but 
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until 1870, when re-invented and brought into use 
by Z. T. Gramme, was its utility recognized. 

Its peculiar armature enables the Gramme and the 
numerous machines based thereon to evolve a continu- 
■0ns current in one direction without the necessity of 
mploying a ooniniutator, properly so-called. Instead 
'<>f this tlie coil terminals are formed into a collector, as 
hereafter described. 

The aoft-iron ring is endless, and the insulated wire 
with which it is 
wrapped, and j 
in which the | 
■electricity 
induced, is also I 




The wire ia | 
put on in sepa- 
ate coUs, and I 
nhe in-wire of 
pne coil united * ™ 

I the out-wire of the next. But from earli of the^e 
unctions between any two adjacent ciiils a branch wire 
1 led to a metal plate on the axis of I'otation of the 
I'ing. The metal plates 
wliicli connect with these 
branch wires are symmet- 
rical! y arranged round 
the axi*, all insulated 
^ from one anotlier, as 
shown in Figure 34, and 
metal brushes or springs 
press upon them at each 
side, nearly at right an- 
gles to the magnet poles ; 
one of the brushes con- 
^^■^- necting with one of the 

Ung-nnt wires, and the other with the serond lead- 
t wire. 
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The operation of the ring is as follows : All the coils 
which at any given moment are in the semicircle on 
either side of one of the magnet poles— see Figure 33 — 
say the north, are, when the ring is rotated, traveraed 
by a. current of one direction ; and as these coils aie aU. 
joined together in series, the current in one traverses aU. 
Similaily, the semicircle formed by the coils imme- 
diately appi-oaching, or immediately receding from, the 
south pole are at the same time ti-aversed by a current 
of opposite diie6tion. So long as the leading-out wires 
are open these cuiTents have no 'outlet, and conse- 
quently oppose and neutralize one another. But if we 
close the external circuit tlie two curi'ents, one on each ■ 
side of the ring-coils, operate in the same way as a pair 
of batteries connected in multiple arc, both uniting in 
the same du'eetion and issuing from the ring-coils to- 
gether, giving to the brush on one side of the ring the 
effect of a pins pole, and to the other that of a minus 
pole, of a battery, the result being a continuous and 
non-alternating current. 

It may be noted that the collection of metal plates 
ranged round the axis and forming the coil terminals is 
frequently but erroneously called the commutator. 

74. What are the chief peculiarities of the Brimh machine f 

In it the ring-armature is made of cast-iron, and has 
its two flat surfaces divided into as many deep rectan- 
gular grooves as there are coUs of insulated wire to be 
carried by the ring. 

The ring itself is deeply grooved in its periphery, and 
the projeciing sides which form the grooves ai'e also- 
grooved concentrically. These grooves serve to dimin- 
ish the mass and weight, and also to ventilate the ring, 
to carry away a portion of the heat wliicli generates- 
during rotation, and to prevent and neutralize locnl cur- 
rents of electricity which would otherwise operate 
against the efficiency of the machine. The armature- 
coils are wound in the rectangular grooves until the 
ontprmost convolution becomes flush with the sides of 
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each groove. Thus when the ling rotates the side of 
each coil is caused to pass very close to the poles of the 
field- of -force magnets. 

The coils work in pairs, the inner wire of one coil 
being united to the inner wire end of the coil which is 
immediately opposite to it. 

All the outer ends are led through the central shaft, 
which is hollow, and terminate in a commutator, which 
operates to cut out the two coils of a pair at the moment 
when they are passing the neutral point of the magnetic 
field and are not generating any current ; this reduces 
the resistance of the machine when working. The cir- 
cuit of any two of the coils thus cut out is also opened 
by the commutator, so that no current can circulate in 
them. The current is taken from this collecting com- 
mutator by suitable brushes, and the Brush machine, as 
well as those of the Siemens type, collect their currents 
by a system of coil terminals similar to that of the 
Gramme machine. 

75. What is meant by the term ^'dynamo-electric machine,^^ 
and in what does such a max^hine differ from a '''magneto-elec- 
tric machine''^ f 

The term dynamO'electric has by common consent 
come to be exclusively applied to machines which are 
here jilaced in the third class described — namely, those 
in which the current is developed in the first place by 
the residual magnetism (which is never entirely absent 
from the iron core of an electro-magnet that has once 
been magnetized), and in which the current so devel- 
oped is passed through the coils of the developing elec- 
tro-magnet, thus increasing its magnetism, and, as a 
consequence of the increased magnetism, increasing also 
the cuiTent developed by it, the machine continually 
increasing its action, as it were, at compound interest 
up to a certain point, where the work of bringing the 
armature past the poles becomes so difficult as to bal- 
ance the driving power. 

"^he term dynamo-electric is also occasionally made to 
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include machines of the second class, sucli as "Wilde's, 
and, strictly speaking, is applicable to any form of ma- 
chine (including even those which develop frictional 
electricity) by which work is transformed into elec- 
tricity. 

Many writers liave explained the term dynamo-elec- 
tric by stating that such a machine is one in whick the 
field of force is produced by electro-magnets, in contra- 
distinction to those in which permanent magnets are 
used ; the latter being termed magneto-electric machines. 

It is obvious that this explanation is incorrect, ex- 
cept in so far as it conveys the idea that machines em- 
ploying permanent field magnets cannot be utilized on 
the mutual-accumnlation plan. 

The following views, it is believed, will, if examined 
carefully, be found to be correct : 

Ji^irst. All machines in which the electricity is de- 
veloped by moving a closed wire cii-cuit through a mag- 
netic field of force, whether that field be produced by 
permanent or electro- magnets, or whether the magnetism 
be produced by self-developed electricity or by electri- 
city furnished by an external exciter, are true Tnagneto- 
electric machines. 

Second. All machines by which energy in the form of 
moving power is ti-ansformed into energy in the form of 
electricity are properly called dynavio-electric machines. 

Inasmuch as these terms are almost universally ap- 
plied erroneously, it may be well to add other definitions 
as follows, so that the student may be fully informed 
not only as to the correct meaning of the terms, but also 
as to the incorrect but popular understanding : 

Dynamo-electric machines, according to the popnlar 
acceptation of the term, are those in which the reaction 
principle of mutual accumulation is employed ; or those 
which have separately excited electro-field magnets. 

Magneto-electric machines are usually and popularly 
_ understood to be those in which the field of magnetic 
Htfcmie is produced by permanent magnets only. 
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Machines which excite their own field-magnets are of 
two general types — i.e., those in which the field-magnets, 
armature, and external circuit are all united in one se- 
rial circuit, as shown in diagram in Figure 36 ; and those 
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Fig 86. Fig. 87. 

in which only a part of the current generated by the 
armature is passed through and excites the field-mag* 
nets, as diagrammatically represented in Figure 37. 
This form is coming into more extended use, having 
been first proposed by Wheatstone, and is known as 
the shunt dynamo. 





Fig. 88. 

Machines of the character proposed by Wilde — viz., 
'^se in which the field magnets are energized ^by curw 
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rents derived from an external source — are called sepa- 
rately-excited dynamos ; and the principle of arrange- 
ment is shown by Figure 38. Finally, to make clear the 
arbitrary distinction between so-called magneto-electric 
and dynamo-electric machines, and to show that it is 
more a matter of nomenclature than anything else, the 
former, or a machine in which the field-magnets are of 
the permanent character, is represented by Figure 39. 

76. For what purposes are constantly alternating currents 
used when produced by magneto or dynamo-electric machines f 

For printing or dial telegraphy, for signal bells in 
telephony, and for some systems of electric lighting, 
chiefly the JablochkoflE candle system, several of the 
British and French lighthouse lamps ; and as the pri- 
mary current in transformer systems of electric lighting 
and welding. 

77. For what purposes are magneto or dynamo-electric currents 
of continiMUs direction chiefly employed f 

Principally for electric lighting, either by arc or in- 
candescence ; for electro-plating and electrotyping ; for 
the transmission of power, and for famishing currents 
for long telegraph lines. 




INDnCTION-COILa 

78. What is an I ndiict ion-coil, ami why is it so called f 
It is an instrument whereby a weak current of high 
electro-motive force may be transformed into a sti-onger 
current working under a lower electio-motive force, or 
the reverse. Induction-coils, according to their direction 
of transformation, have been popularly termed step-up 
or step-down coils. Since 1883, the latter have been 
much used in electric lighting for the purpose of trans- 
forming alternating currents working with a liigh electro- 
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motive force but having comparatively little strength 
(these flowing in a long main circuit, including the pri- 
mary helices of the appliances), into strong currents circu- 
lating in a short circuit under a low electro-motive force, 
and have been called transformers, secondary generators, 
or converters. 

If the two coila of the inductorium are of different 
lengtlis. and the longer one be used as the primary helix, 
the E. M. F. will be lowered in conversion ; if, however, 
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the shorter one be used as the primary, the E. M. F. will 
be raised. 

An induction-coQ of the class last mentioned is shown 
in Fig. 40. It consists of a short coil of comparatively 
thick insulated wire, aronnd which is wound a very long 
coil of fine wire. In the centre of the coarse wire coil is 
placed a core of soft iron or a bundle of soft-iron wire. 
The thick wire coil is placed in circuit with a battery and 
circuit-breaker. 

In the figure K is a screw for turning the reversing 

commutator, L ; E is the body of the coil ; M the soft- 

I iron core, provided with a solid cap, c ; I) is the ham- 

I mer of the circuit-breaker, N ; and Y and X are the 

I terminals of the secondary coil. 

The induction-coil was invented by Professor Charles 
I G. Page, of Salem, in 1836 ; brought to a state of great 
I perfection in the shop of RuhmkoifE in 1851, and in 
I 1857 much improved by Ritchie, of Boston. It is both 
a magneto-electric and an electro-magnetic apparatus, 
because the induced current which manifests itself at 
the terminals of the fine wire coil is formed by the con- 
junction of a magneto-electric current, caused by the 
rapid magnetization and demagnetization of the core as 
the voltaic current in the coarse wire coil is alternately 
made and interrupted, and of that excited in the fine 
f wire coil by electro-dynamic induction from the coarse 
|| wire coil during the same contacts and interruptions. 

To particularize : We have already seen (18) that when 
L a closed circuit is in proximity to a conductor which is in 
rconnection with a voltaic battery, at tlie moment a cur- 
rent arises or ceases in that conductor another cun-ent of 
momentary duration arises also in the closed circuit near 
it. We have also seen that when a magnet is moved near 
a coil of wire, or a coil of wire near a magnet, a current 
is developed in the coil on the approach of the two, and 
another in an opposite direction as they are parted. 
^H These effects are combined in the inductiou-coil, aa the 
^Kitsoarse wire coil performs two duties at the same time — 
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namely : 1st. That of advancing and withdrawing the in- 
ducing magnet, which it does most effectually by alter- 
nately causing the soft-iron core in its interior to become 
magnetized and demagnetized. 2d. That of causing, by 
the make and break of its own circuit, momentary cur- 
rents of electricity of rapidly alternating direction. 

Thus we see that the voltaic induced currents are super- 
added to those induced by the core in its magnetization 
and demagnetization, to form the induced currents circu- 
lating in the fine wire coil. 

The instrument is called the induction-coil because the 
cun^ents of the secondary coil are produced solely from 
inductive causes ; and the electro-motive force thus in- 
duced in a long coil is so enormously greater than that 
of its inducing battery as to assume an appearance very 
similar to that of f rictional or mechanical electricity. 

79. What is the primary circuity and what is meant wTien toe 
speak of a primary current f 

The primary circuit or coil is the coil of comparatively 
thick wire which is connected with a battery and circuit- 
breaker. Within it is inserted the soft-iron core, and it 
is itself inserted within the coil of fine wire. It may 
also be called the main or inducing circuit, but the term 
primary circuit literally means *' the first circuit." It is 
called the primary coil because it is employed for the 
conveyance of the battery current. It will hereafter be 
understood that whenever the word primary is used with 
reference to induction-coils it is intended to signify the 
battery circuit. When we speak of the primary current 
we mean the battery current that traverses the primary 
coil. It is sometimes called the inducing current. 

80. What is meant by the terms secondary coil and secondary 
current f 

The secondary coil is the long coil of fine wire which 
surrounds the primary coil, and in which the momentary 
currents, induced by the primary coil and core, are 
developed. 

The wire of the secondary coil is much longer and thin- 
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ner than that of the primary. It ia called the secondary 
ooU, both in coutradistinction to the primary coil and 
because the currents set up in it are dependent entirely 
for their existence on tlie firet or primary current, which 
circulates in the primary coil and excites magnetism in 
the core. 

As the induced currents are much more powerful than 
the primary currents, it is necessary to be much more 
careful in insulating the wire composing the coil. 

The secondary or induced current is the curi'ent or, 
Tuore properly, the series of currents which are excited 
in the secondary coil by the rapid magnetization and 
demagnetization of the soft-iron core in conjunction with, 
and caused by, the make and break of the primary cir- 
cuit. This cun-ent has a much higher electro-motive 
force than the battery or primary cmrent. 

81. What is the aircuit-breaker, and why is it necessary f 

In an induction-coil the circuit-breaker is the arrange- 
xaent applied to the primary wire, which, forming part 
•4)t the actual circuit, alternately completes and inter- 
rupts it. It is generally, in ordinary coils, automatic, 
or self-acting ; for the soft-iron core is often made use 
of to work the circuit-breaker. 

An iron plate or armature is Axed to a flat spring, 
-opposite one of the ends of the core, and, when not in 
operation, it presses against a metallic contact-stop "by 
the elasticity of the spring. The circuit of the batteiy 
and primary coil passes through this armature-spring 
and contact-stop. For example : Starting from the posi- 
tive pole of the battery, the path of the ciurent is first 
to the metallic contact or back stop ; thence to the ar- 
mature and spring ; then to one of the primary coil 
terminaJs, through the coil, and from the other terminal 
to the negative pole of the battery. 

Now, when the battery is connected, to put the coil 

operation the current passes through the primary coil 
..and causes the core to become magnetic. The armatui-e 

then attracted to the core and away from its back con- 
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tact. Tliis breaks the circuit ; tlie magnetism disap- 
pears; tiie armature, under the influence of the spnng, 
falls back, closing the circuit ; this action of alternately 
establishing and breaking the continuity of the primary 
circuit is repeated indefinitely. 

The lupidity of the vibrations is regulated by an ad- 
justing screw. The circuit-breaker is sometimes worked 
by a separate electro-magnet and sometimes by clock- 
work or other mechanical movements. In one form or 
another it is an indispensable adjunct to the inductiun- 
coil, because, as we have seen, the number of induced 
currents depend entirely upon the breaking and closing 
of the primary circuit, and the consequent change of 
magnetism in the core. 

If we close the primary circuit once, we merely get one 
pulsation of current in the secondary coil. If we then 
open the primary we again perceive but one pulsation 
in the secondary coil, but this time in the opposite direc- 
tion. Hence, if we rapidly break and close the primary 
circuit we see there is a corresponding succession of 
alternating cun-ents in the secondary coil. 

83. WJiat is iiteant hij the extra current/ 

It is the name given to a current set up in the primary 
coil by induction between the several convolutions of 
the same wire when a ciirrent is sent through it. It is 
produced both on making and interrupting the battery 
contact, but is much stronger when the circuit is broken, 
because then the extra current is in the Kime direction 
as the primary currents ; but when the circuit is made 
the extra current is in opposition to the primary current, 
' 'which, as it were, arouses an opponent in its own path. 
Thus we see that the action of the primary coil, in addi- 
tion to inducing a current in the secondary coil, also in- 
duces a current itself. This cuirent is made apparent in 
the following manner : If we attach the two coils of a 
'"« to a battery, and place a contact-breaker in circuit., 
fine spark will be observed on breaking contact, 
we wind the piece of wire into a helix or spiral 
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we will at once notice that the spark is much larger and 
brighter. Thia is caused by the actiou of the extiti cur- 
rent, which, as previously stated, is on breaking contact, 
in the same direction as the battery curi'ent, and the 
spark is the combined effect of the two currents. 

The extra cun-ent caused when contact is made is called 
the inverse current; when caused by breaking contact it 
is called the direct current. The plienomena caused by 
the extra curi'ent were fii-st noticed by Professor Joseph 
Henry in 1833. It was subjected to experiment by Para- 
day in 1834, who proved that both the spark and shock 
given on breaking contact were due to this cause. 

In order to overcome the injurious effects of the extra 
current the circuit-breaker is frequently bridged or 
looped by a condenser. By thus bridging the circuit- 
breaker the iron is demagnetized with greater rapidity, 
and the spark is also considerably lessened. 

The extra current of breaking contact enters the con- 
denser, and accumuiatea on its plates instead of jumping 
across the points of the circuit-breaker in the form of a 
Bpark ; one of the condenser -plates being charged plus 
and the other minus. As the current flows from one 
terminal of the helix to the other, one end will draw plus 
electricity from, and the other add jjlus electricity to, the 
condenser-plates. When the circuit is again closed the 
charge in the condenser aids the battery current, because 
its discharge coincides with the dii-ection of the battery 
current, and therefore the opposing force of the extra cur- 
rent is lessened by the combined forces acting against it. 

68. WTuil is a condenser f 

It is an arrangement of conducting surfaces by which 
a great quantity of electricity can be accumulated upon 
a comparatively small area. 

It is based upon the law that " the capacity of a con- 
ductor is greatly increased when it is placed near to an- 
other conductor charged with the opposite kind of elec- 
tricity," Any apparatus which consists of two good 
condnctors, which are separated from each other at a 
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^H small distance by a non-conductor, may properly be 
^H called a condenser. 

^H A lieyden jar, therefore, which usually consiata of two 
^H tinfoil surfaces separated by a dielectric of glass, con- 
^H atitutes a condenser. 

^H As usually constructed for use in telegraphy or in 
^H connection with induction-coils, the condenser consists 
^H of alternate layers of tinfoil and paper saturated with 
^H paraffine. Each alternate metal plate is connected so aa 
^M to form two distinct series, insulated from each other by 
^H the interleaved sheets of paraffined paper. The two 
^M series of plates are each united to binding-screws which 
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^H lorm the terminals of the plates and may be conducted 
^H in any desired way ; as, in the induction-coil, one termi- 
^H nal is connected with one side of the circuit-breaker, and 
^V the other teiminal with the other side of the same. It 
^H is usual to represent a condenser by the conventional 
^^L sign of a series of thin lines interleaved with one another, 
^^H as in Figure 41. 

^^^B 84. Why is a soft-iron core inserted imthin the primary adit 
^^V Because, in the first place, without it tie current pro. 
^V duced in the secondary coil would be caused solely by 
^H dynamic induction from the battery current circulating 
^H^ in the primary coil, and in that case would be compara- 
^^fe lively weak; while when the core Is inserted it is alter- 
^^^ nately magnetized and demagnetized by the rapid make 
^^H I break of the battery circuit, and ao induces a mag- 
^^H *slectric secondary current, which adds its effect to 
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i that of the current caused by tlie voltaic or dynamic in- 
duction, and makes the combined effect very strong and 
inteuse. In the second place, the soft-iron core is often 
utilized as an electro-magnet, and in that capatdty is 
made to attract the contact-breaker, thus effecting by its 
own magnetism the rapid interruptions of the battery 
current. 

As it is important for the proper operation of an in- 
tduction-coil tliat the core shall gain and lose its mag- 
■netism very ciuickly, it is usually composed of a great 
number of unpolished soft-iron wires, which are partly 
insulated one from another by a thin coating of oxide. 
The circulation of induced currents in the substance of 
the iron is thus prevented. 

Give a hrief description of some of the largest induction- 
^coiln which have been made. 

The coil made by Ritchie, of Boston, for Mr. Gassiot, 
is one of the most powerful instruments constructed. 
The primary coil is of No, 9 wire, Birmingham gauge, 
and is wound in three layers, the length being 150 
feet. This coil has a gutta-percha case, over which is 
placed a glass tube. Over this again is arranged the 
secondary coil, divided into three sections, each five 
inches long, and wound on glass cylinders. The total 
length of the secondary wire is 73,650 feet, or nearly 
fourteen miles, and the core consists of a bundle of soft- 
iron wires, the bundle being eighteen inches long and 
about an inch and three-quarters in diameter. The 
contact-breaker is worked by a rat«het-wheel turned by 
hand. This coil, with five cells of Grove battery, has 
given sparks twelve inches and a quarter long. 

Ritchie has since constructed a coil for the Stevens 
Institute of Technology which has a primary coil made 
of No, wire and 195 feet long. The core is a bundle 
of No. 30 iron wires, and the secondary wire is more 
than 60 miles long and is made of No. 36 wire. It has, 
p using 3 large bichromate cells, given sparks 21 inches in 
■pength. 



J 



88 ELECTEICITY, MACISETISM, AND TKLEGRAI'llY. 

The largest coil made is that of the Polytechnic In- 
stitute, London. Its primary coil weighs 145 pounds 
and is 11,310 feet long, while the secondary wire is 150 
miles long, weighs 606 pounds, and has a i-esistance of 
33,560 ohms. The core is a bundle of No, 16 iron wires, 
and as a whole is 5 feet long and 4 inches in diameter. 
The entire inatrnment is 9 feet 10 inches long and 2 feet 
in diameter. This coil has given sparks 29 inches in 
length. 

Perhaps, however, the most wonderful machine of 
this class is that constructed by Mr. Apps, of London, 
for Mr. Spottiswoode, of the Koyal Society. It is capa- 
ble of producing sparks 42 inches in length. It has two 
primary coils, which can be readily substituted for each 
other. One is intended for the production of long 
sparks, the other for short and thick sparks. The 
secondary coil consists of 280 miles of wire. Its resist- 
ance is 110,200 ohms ; and the total number of convo- 
lutions is 341,850. The first primary coil is 990 feet 
lotig, has a resistance of 2^^ ohms, consists of 1^344 
turns in 6 layers, and weighs 55 pounds. It has a core 
consisting of a bundle of iron wires, forming together a 
core 44 inches long, upward of 3J inches thick, and 
weighing 67 pounds. 

86. What are the uses of the t?tduetion-coil t 

It is a valuable agent in chemical and physical re- 
search ; has been used in mines to furnish electric light 
in hermetically-sealed tubes, and also, in the place of 
the Irictional machine, to charge Leyden jars. It 
extensively employed for medical purposes, and has by 
Siemens and Halake been applied to telegi-aphy. As 
already indicated, it baa of late extensively been applied 
in the inductive distribution of electrical energy for 
lighting purposes ; it is the principal agent in famish- 
ing currents of great volume for welding and like electric 
metal -working processes. For gas-lighting it has been 
very useful, and, last but not least, has been successfully 

•iapted to battery telephones. 




DEFINITIONS OF ELECTEICAL PKOPEETIES, TEEMS, AND 
UNITS. 

87- Wliat in the meaning of the term potential when used 
in electrical science f 

Potential is a word which, liteially means power to do 
^or&, and is used to denote the electrical condition of 
any body, or the degree to which that body is electri- 
fied. 

As we shall hereafter see, a large quantity of electri- 
city imparted to a conductor of small capacity will elec- 
tiify it np to a very high potential. The higher the 
potential of any electrified body the greater is its ten- 
dency to pass to a point of lower potential, and con- 
sequently the greater its power to do work or overcome 
resistance in so passing. We find that it is customary to 
refer to positively electrified bodies as being electriJied 
to a high potential, and to bodies which are negatively 
electrified as having a low potential. 

Precisely as we take the level of the sea as a zero- 
point in measuring the altitude of mountains or the 
depth of mines, so we take the electrical condition of 
the surface of the earth and assume it to be the poten- 
tial zero-point, all bodies positively electrified having a 
higher potential than the earth, and aU bodies negative- 
ly electrified being assumed to have a lower potential 
than the earth ; thus the potential of any other body is 
the difference between the electrical condition of the other 
body and the earth. No body can be said to have an 
absolute potential, but for brevity the word is used by 
itself to signify the difference ; precisely as, speaking 
of a Fahrenheit thermometer, we would say, "The de- 
gree of heat is 60 degrees," meaning thei'eby 60 degrees 
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above zero. The meaning is practically the same a» 
the word tension^ generally used in the older text-books 
of electricity. 

Whenever electricity moves, or tends to move, from 
one place to another, there is said to be a difference of 
potential between those two places. 

The place from which tbe positive electricity tends to 
move is assumed to be of higher potential than the^ 
other. The diflference of potential between any twa 
points expresses the amount of work which each unit 
of the electricity could do on its journey if it could all 
be utilized to do work instead of having to overcome the- 
resistance of a circuit. 

In a voltaic battery the difference of potential be- 
tween the two ends of the battery is always maintained 
by chemical energy or work, and therefore the flow of 
current keeps up indefinitely ; for so long as the plate* 
of the battery are at opposite potentials, so long the cur- 
rent must contii^ae. 

88. What is m ant by electro-motive force % 

The term eJ' ,ctro-motive force means that property of 
any source fl electricity by which it tends to do work, 
by transfening electricity from one point to another. 

For the sake of brevity it is frequently written E. M. P^ 
It is produced by difference of potential, and in prac- 
tice may often be considered to be the same proi)erty. 
"Just as in water-pipes a difference of level produces a. 
pressure, and the pressure produces a flow so soon a* 
the cock is turned on, so difference of potential produce* 
electro-motive force, and electro-motive force sets up a^. 
carrent so soon as a circuit is completed for the electri- 
' ity to flow through." * 

The electro-motive force of a battery is the power 
ivhich it has of overcoming resistance. It increases in 
direct proportion to the number of cells employed — ten 
cells having exactly ten times the electro-motive force of 

* " Electricity and Magnetism," S. P. Thompson. 
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one cell — but is not in any way dependent on their siae, 
since a cell as small as the bowl of a tobacco-pipe pos- 
sesses as great an electro-motive force as a cell of the 
same materials which would liold a gallon. The electro- 
motive force of the Daniell battery in volts is 1,079 ; 
and that of most of the copper-aulpliate forms, about 
tbe samf. The Grove is 1.956, chromic acid 2.028, Le- 
clanche 1.481, and the Sraee, when in action, 0.483. 

89. miat 18 the meaning of the term resistance t 

It has been already stated that some substances pos- 
sess the property of allowing electriciiy to diffuse itself, 
freely and readily through them, and are therefore call- 
ed conductors, while others oJfer much opposition or re- 
sistance to this diffusion, and are hence called non-con- 
diiciors or insulators. These terms are not absolute, as 
even the best conductora offer some obstruction to the 
passage of tlie current, and tlie best insulators will in 
some measure conduct electricity. Resistance, then, is 
the name given to this obstruction which is offered to 
the passage of the cnirent by the substance of the cir- 
cuit through which it passes ; and when it is very great 
it becomes insulation. It is a property of every sub- 
stance, and in each substance differs in degree, from sil- 
ver, which offers the least resistance to the current, to 
gutta percha or india-rubber, which offer a very great 
resistance indeed. 

In a telegraph line the total resistance is composed 
of the resistances of the line wire, the earth, the instru 
ments, and the internal resistance of the battery. 

The resistance of any given wire increases in exactly 
the same proportion as the length of wire is increased ; 
for instance, fifty miles of No. 12 wire offer exactly 
fifty times the resistance of one mile. It also decreases 
in proportion as the area of the cross-section is in- 
creased ; for example, a wire one mile in length, with 
a cross-section having an area of a square inch, offers 
just one-fourth the resistance of a wire the same length 
whose sectional area is one square half-inch — because 
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the square half-inch is contained just four times in the 
square inch. 

To make the idea as plain as possible, the resistance 
of a wire increases with increased length, keeping the 
gauge the same, and decreases witli increased weight, 
keeping the length the same. Resistance may be de- 
fined as that quality of a conductor by wljich the 
strength of current developed from a given E. M. F. is 
determined. 

90. What is the meaning of the word quantity^ when ap" 
plied to electricity f 

When applied to static electricity no clearer defini- 
tion can be given of the term quantity than the term 
itself ; and there is no reason why it should not have 
the same meaning when applied to electricity that it has 
when applied to any other force or substance, visible or 
invisible. 

The fact that we do not know that electricity has a 
separate existence, or is a distinct entity ; or that we do 
know that it is not an element, a fluid, or a substance, 
need not prevent us from speaking of its quantity, since 
we commonly speak of quantities of sound, light, and 
heat, without at all implying that a mass or volume 
of anything is actually present. When any body is 
charged with electricity it is very evident that the elec- 
tricity is there ; that a certain well-defined amount is 
present, and that such an amount can be measured by 
an electrometer. When we, therefore, speak of such a 
quantity of electricity we simply mean the amount of 
electricity present. 

The word quantity, applied to current electricity, 
means literally the strength of the current, or the 
amount per second acting to produce heat, magnetism, 
chemical action, or any other of its effects. 

The strength of current must not be confounded with 
the strength of the battery which produces the current, 
but it may be termed the amount of electricity realized. 
It is the margin of effective electricity produced by any 
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battery after the resistance of tlie circuit has been over- 
come. 

All tlie most remarkable effects of the current, Buch 
as electrolysis, combustion of metals, the deflection of 
the galvanometer, and the production of magnetism and 
heat, are dependent on the quantity of electricity pass- 
ing. 

The quantity of electricity passing in a given circuit 
can be increased by increasing the electro-motive force, 
without proportionately increasing the resistance ; or 
by diminishing the resistance, 

91. What are tlie standard units used in electrical measure- 
ments f 

A unit is the base of any system of measurement. 
Electricity has properties which it is frequently neces- 
sary to measure in order that its working value may be 
properly estimated. 

!Now, that we may be able to state the results of such 
measurements, it is essential that we must have some 
standard terms which, when expressed, convey to tlie 
mind definite ideas, precisely as in measuring a distance 
we would say so many feet ; or in expressing the capa- 
city of a tank, so many gallons ; or the contents of a 
solid block, so many cubic feet. 

Further, when one substance has several properties a 
different system of measurement is required for each 
property ; for as in a cubic block of wood we should 
measure one side of its surface by superficial measure, 
its contents by cubic measure, and its weight by still an- 
other system, and would state the result differently in 
each case, so the different electrical measurements each 
have their own units, in which the results are ex- 



Designations have been given to the electrical units 
from the names of distinguished electricians and scien- 
tists. Thus the unit of electro-motive force is called 
^^ the volt, from Volta; the unit of capacity is called the 
^k farad, from Faraday ; the unit of resistance is called 
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the ohvi^ from Ohm, the German physicist ; while the 
units of current and quantity are named respectively 
the ampere and the coulomb. 

93. WItat in the ineaning of the term mit f 

The volt is the name of the practical unit of electro- 
moiive force and of difference of potentials. Its pre- 
cise value is 0.9268 of a Daniell cell in good condition ; 
in other v'ords, the Daniell cell is equal in E. M. F. 
to 1.079— one volt and seventy-nine thousandths. The 
Daniell cell may, therefore, for practical i)urpo3e9 be 
said to have an electro-motive force of one volt. 

The volt is equivalent to the electro-motive force re- 
quii-ed to produce a current of the strength of one am- 
pere in a circviit having a total resistance of one ohm. 

An E. M. F.^ equal to one million volts is called a 
niegavolt, and one-millionth of a volt is called a micro- 
volt. 

93. WJiat is the standard unit of regista>ice, and how may it 
fa d^ned .» 

The unit which is almost universally used in this coun- 
try and in England is that fixed ui>on as a standard by 
a committee of the British Association. It is therefore 
Bometinies called the B. A. nnit, but more frequently the 
ohm, from Ohm, the distinguished German mathemati- 
cian, who first ascertained the laws of electrical resist- 
ance. It is a unit of resistaiice, in the same way that an 
inch is a unit of length or an onnce that of weight, and 
18 approximately equal in resistance to a wire of pure 
copper one-twentieth of an inch in diameter and two 
hundred and fifty feet long, or of one-sixteenth of a 
mile of No. 9 galvanized-iron wire of the ordinary qual- 
ity. The resistance of the ohm is that of a column of 
pui-e mercury 106 centimetres (41,73 inches) long, 1 
Bquare millimetre (.00155 squai-e inches) in sectional area, 
at a temperatui-e of zero centigrade. 

This definition is that of the iinit termed the legal 
^m, which, however, is not often used in practice either 
9 United States or in Europe. 
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The olira which is generally used ia equal to 0,0889 
legal ohm. A microhm is a, millionth of an ohm, and a 
megohm is equal to a million ohms. 

84. What is the unit of current strength, and Jiow may it he 
AJinedf 

The name of the unit of current ia the ampere, which 
■was adopted at the Electrical Congress of Paris in 1882. 

It represents the strength of current passing in a oir- 
cnit having a total resiatance of one ohm, with an E. M. F. 
of one volt. If the E. M. F. and the resistance both re- 
main constant, the current strength will also be constant. 

Thus, if, speaking of a given circuit, we say that it 
has a cnrrent of fifty amperes, aud we know that the re- 
sistance of the circuit is fifty ohms, we see at once that 
the E. M. F, must be twenty-five hundred volts. To cal- 
culate the strength of current we use Ohm's law and 
divide the electro-motive force by the resistance. A 
milli-ampere is a thousandth part of an ampere, and is 
useful in computing magnitudes where the current 
strength is not great. The currents employed in teleg- 
raphy vary from four to two hundred and fifty milli- 
ajnp^res, the latter being the approximate current 
strength flowing in au ordinary local sounder circuit ; 
currents utilizetl in electric lighting vary between one 
and fifty amperes, 

95. What is the unit of quantity f 

This unit is termed the coulomb. The coulomb de- 
notes the amount of electricity which a current of the 
strength of one ampere can furnish per second of time. 

In other words, it is the amount of electricity fur- 
nished in one second by an electi-o-motive force of one 
volt in a circuit having a total resistance of one ohm. 

It may also be defined aa the amount of electricity 
which, with a difference of potential of one volt, will 
fnlly charge a condenser having a capacity of one farad. 

98. What is the unit of capacity, and haw may it be defined f 
^B The farad is the unit of capacity, and is as necessary 
^^bs a unit of resistance or electro-motive force. It is 
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used in determining the araoiiDt of charge a condenser 
is capable of. A condenser or Leydeu jar of the ca- 
pacity of one farad is one which is fully charged by the 
amount of electricity which, with an electro-motive force 
of one volt, would flow through a resistance of one ohm 
in one second of time. 

It may also be defined by saying that it represents the 
capacity of a condenser which contains one coulomb of 
electricity when the difference of potential between its 
opposing plates is one volt. A microfarad is a millionth 
of a farad, and a megafarad is one million farads. 

In actual practice the farad is much too large a quan- 
tity, and the unit adopted is the microfarad. 

97. What is Ohm's lawf 

It is one of the most important of the laws which 

govern the transmission and distribution of electricity, 

and was promulgated by Dr. G. S. Ohm, of Nuremberg, 

Germany, as early as 18S7. Stated as concisely and 

■ plainly aa possible, it la aa follows : 

PThe effective strength of current in any given circuit 
is equal to the electro-motive force divided by the total 
resistance ; and it is the basis of all electrical measure- 
ments. 
It may also be represented as below: In any circuit 
the strength of current is equal to the E. M. F. divided 
by the resistance ; therefore the resistance equals the 
electro-motive force divided by the current, and the 
, electro-motive force equals the current multiplied by 
the resistance. 

It is obvious, then, from the above considerations that, 
knowing two of these magnitudes, we can readily calcu- 
late the third. 

To obtain definite results we must use definite units ; 
for example, we will suppose a battery of 100 cells, and 
call each cell an E. M. P. of one volt, which will give us 
a total E. M. F. of 100 volts. We will further suppose 
a resistance in the battery itself of 90 ohms, and in the 
y line sind instrument of 30 ohms, making a total i 
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ance of 50 ohms. Now, as the E. M. F. divided by the 
resistance gives the current, all we have to do is to divide 
the 100 by 50, and we have a quotient of 2 — showing 
that with an E. M. P. of 100 volts, and a resistance of 
60 ohms, the strength of current flowing in the circuit is 
equal to two webers, or ampdres. 

It follows, then, that if the electro-motive force is in- 
creased, while the resistance is maintained the same, the 
strength of current is also proportionately increased ; 
and that if the resistance of the circuit is increased, 
while the E. M. F. is left unaltered, the current is pro- 
portionately decreased. 
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ELECTRICAL MEASUREMENTS. 




Fig. 42. 



98. What is a galvanometer f 

A galvanometer is an instrument for detecting, indi- 
cating, or measuring currents of electricity. 

When used only for detecting or indicating such cur- 
rents the instrument is more properly called a galvano- 
scope. Galvanometers are made in many forms and 

are used in several different ways, but 
are all based on the fundamental fact 
that a magnetic needle is deflected 
from its natural position by the 
passage of a current of electricity 
in a conductor placed parallel to it. 
When the conductor is carried over 
the needle and back on the other 
side, as in Figure 42, the effect is 
doubled ; and, of couree, if we rei>eat 
the operation a great many times, using insulated wire, 
thus forming a coil in which the needle is freely sus- 
pended, the effect may be multiplied almost indefi- 
nitely. 

All galvanometei-s, then, consist of a coil of insulated 
wire and a magnetic needle delicately susi)ended, so 
as to be easily deflected by the passage of a current 
thix)ugh the coil. These, in ccmjunction with a dial- 
plate, graduated so that we may intelligently interpret 
the movements of the needle, are the only essential 
features of the instrument. 

Horizontal galvanometers are more sensitive than ver- 
tical ones :m<l are in more general use, a very good form 
for use in coiniection with a Wheatstone bridge being 
shown in Fignre 43. In using a galvanometer for any 

98 
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purpose an instrument of low resistance is the fittest 
one to use for testing low resistances ; and tlie greater 
the resistance to be tested the liner should be the wii-e. 






the greater the number of convolutions, and, conse- 
•quently, the higher the resistance of the galvanometer. 

99. When and by whom, vxis the galvanometer invented f 
The galvanometer is one of the earliest results of Oer- 
sted's discovery. It was, in fact, in the same year (1820) 
tliat the first galvanometer was invented by Professor 
Johann S. C. Schweigger, of Halle, who passed a num- 
ber of turns of insulated wire round the compass needle, 
thus multiplying the galvanic effect and constructing a 
galvanometer. An instrument of different . foTm was 
soon afterward independently devised by Johann C. 
Poggendorff, of Berlin ; and, as a description -of this 
latter was published prior to that of Schweigger, Pog- 

- gendorfl has been thought by some to be the original 
inventor. 

The invention of the galvanometer is the basis of the 
~le system of telegraphy. 

100. "What are the principal galvanometers now in use f 
The tangent and sine galvanometers, the differential, 

Thomson's reflecting galvanometer, and those con- 
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structed on the Wlieatstone bridge principle, wMoli lat- 
ter usually comprise also tiie necessary resistance-coils. 

101. What are the principal uaea of a galvanometer t 
Besides tlie use implied by the name — i.e., that of de- 
tecting and measuring galvanic currents — the galvano- 
meter is invaluable in piiuitical telegrapliy. and is em- 
ployed in the testing and measurement of instruments 
and circuits for conductivity resistance ; and the latter 
also for insulation resistance. It is also used in the 
localization of faults on telegraph lines and in cables ; 
in the measurement of internal i-esistance, and estima- 
tion of the electro-motive force of batteries ; and, in the 
case of long submai-iue lines, as a receiving instrument 
for telegraphic signals. 

102. Wluit 18 an astatic galvanometer t 

It is a peculiar arrangement suggested by Professor 
Cummings in order to increase the sensibility of the 
galvanometer. Two needles are fi-eely suspended on 
the same axis, parallel to each other, but with their 
poles placed in contrary directions — the north pole of 
the upper being directly over the south pole of the 
lower. The sensibilityof the galvano- 
J^\ meter is increased, becau.se the direc- 
I tive force of the earth is neurralized, 

»' I »' since the two needles are opposed to 

fi^J '^f^^ | each other. If the needles could be 
made exactly equal to eacii other in 
magnetic power they would stand in- 
differently in any position in which 
rig. 44. they were placed ; but in practice one 

needle is always a little stronger than the other, and 
the pair will, therefore, settle in a north and south direc- 
tion. Each needle may have its own coil, the coils 
being joined so that the cuirent circulates in opposite 
dii-ections around the two and deflects both needles simi- 
larly. On the same axis with the needles, but above the 
graduated circle, is a pointer to denote the deflections, 
, Tlie nearer the two needles are to each other in magnetic 
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strength, the slower will be the vibnitioiis of the pair 
and the greater the delicacy of the galvanometer. 

Two needles ao mounted and arranged in coils consti- 
tute an astatic galvanometer. 

103. WTiat is a tangent galvanometer, and koto is it used ? 

I It is an instrument invented by M. Pouillet, a French 
electrician. Its prinisiple ia that l?te strength of cur- 
Tent, as measured hy the tangent galvanometer, is pro- 
portional to the tangent of the angle of deflection of the 
needle. It is thought by many electricians to be the 
most useful and convenient form of galvanometer for 
general purposes. It consists essentially of coils of 
wire wound in a deep groove in the circumference of 
a brass ring about six inches in diameter, with a small 
magnetized needle hung at its centre and moving over 
a graduated circle. Tlie length of the needle must be 
small compared with the diameter of the coil, in order 
that the influence of the coil may, as far as possible, be 
the same whatever the angle of deflection of tile needle. 
_ A form of this instrument is made in the United 
F'States with the above object specially in view. It 
was devised by Dr. Bradley, of Jersey City, and is de- 
sciibed as follows ; " The needle is composed of several 
parallel strips of steel, mounted on a ring of aluminum, 
and trimmed to form a circle. By this means all parts 
of the needle are subjected to the influence of the coil 
throughout the entire deflection. Four coils are used, 
,. the first about 150 ohms resistance, the second 25 to 30 
nhms, the third one or two ohms, and the fourth is a 
(trip of sheet copper or brass, which is wound two or 
^hree times around the needle," 

The first coil is used for high resistances, the last for 
JaFery low resistances, and the other two for medium re- 



It will do no harm to state here, for the benefit of tlie 
itudent who is no mathematician, that a tangent is a 
Rirraight line which touclies at any one point the cireum 
ference of a given circle. 
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In the case of the tangent galvanometer the dial of 
the inatniment ia the given cu-cle, and the point at 
which the tangent touches the circle must be the zero- 
point. 

The tangent is, therefore, an imaginary line, which 
must he parallel to the diameter that conuects the. de- 
gree of ninety on one side to the same degree on the 
other side, and at right angles to tlie diameter, or line 
connecting the two zero-points. Now, if the needle ia 
deflected by a given current to twenty degrues, a current 
of double the strength will not deflect the needle a sec- 
ond twenty degrees, but to double the distance measured 
off on tlie tangent line. 

This insti'ument is very useful in testing overhead. 
lines, or measuring resistances by substitution of 
known for an unknown resistance. It ia much used 
in England as an instrument for making i>eriodicai line 
tests, and is employed for almost every general purpose 
in tliis country. A modification of the tangent galvano- 
meter was constructed by Mr. Gangain by suspending 
the magnet eccentrically at a point in the axis of tlio 
coil distant from the centre by half the radius of the 
coil. It is, liowever, proved by Clerk Maxwell that 
this modification is iu reality the reverse of an improve- 
ment. The instrument was really improved by Helm- 
holtz, who placed two equal, parallel, and vertical coils, 
one on each side of the needle, each at a distance from 
it equal to half the common radius. The proper deflec- 
tion to work with is from thirty to fifty degrees. If s 
less deflection is used a small error in reading off makes 
a large one when worked out ; and if a larger deflection 
than fifty degrees is used a large alteration in resist- 
ance will produce but little effect on a galvanometer. 

Care must be taken, using this instrument, to have 
the scale iu proper position, so that the ends of the 
pointer stand over the zero-points. If the deflection 
be too low when testing, try one of the otlier coils un- 
til a proper deflection is found, alwiiys taking care to 
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l:QBe the coil which most nearly approximates the resist- 
f ance to be measured. 

If one coil gives too high a deflection and the next 
I- one too low, vary the battery power. This instrument 
19 generally used with a table of tangents, so that when 
the needle is detlected to any degree, and the result is 
read off, the tangent of that degree may be ascertained 
by reference to the table. 

The Western Union Telegraph Company uses a very 
good tangent galvanometer, which is shown in Figure 
jj45. 




This instrument is mounted on a circular hard-rubber 

ase, 7| inches diameter, provided with level ling-screws 

I anchoring-points. The galvanometer consists of a 

;netized needle | inch in length, suspended at the 

i of a ring, 6 inches in diameter, containing the 

The coils are iive in number, of the resistances 

, 1, 10, 50, and 150 ohms. The tirat is a stout coijper 
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band of inappreciable resistance ; the others are of dif- 
ferent-sized copper wires carefully insulated. Five ter- 
minals are provided, the plug-holes of which are marked 
respectively U, 1, 10, 50, and li50. The ends of the coils 
are so arranged that the plug inserted at the terminal 
marked 150 puts in circuit all the coils ; at the terminal 
marked 50, all except the 150-ohm coil ; and so on, till 
at the zero terminal only the copper band is in circuit. 

Fixed to the needle, which is balanced on jewel and 
point, is an aluminum pointer at right angles, extending 
across a five- inch dial immediately beneath. On one side 
the dial is divided into degrees ; on the other it is gradu- 
ated, the figures of the scale corresponding to the tan- 
gent of the angles of deflection. 

This galvanometer is made by J. H. Bnnnell & Co., of 
New York, from whose pamphlet we quote the foregoing 
description. 

104. WJtat ia a aine galvanometer, and how ia it uaed ? 

A sine galvanometer is one in which the coils are 
made movable, so as to be capable of revolving on the 
axis ai-ound which the needle turns. A scale gi-aduated 
with degrees is attached to the coil, so that the angle 
tlirough which it is turned can be observed. When the 
needle is deflected by a cniTent passing through the 
coil, the coils are turned by hand, following the needle 
in its deflection ; as the coUs are turned the needle di- 
verges still more, but the angle it makes with the coils 
becomes less and less, until at length a point is attained 
at which the needle remains pai-allel with the coil. 

When this point is reached the influence of tlie earth's 
magnetism exactly balances the deflective force of the 
current. 

The strength of the current that produces the deflec- 
tion will then be dii-ectly proportional to the sine of the 
angle through which the coU is turned. 

The sine of any number of degrees is that part of the 
■diameter of a circle which is included between a line 
4rawn from its centre to the zero-point of the gradna- 
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tion circle, and another line, parallel to the first, cutting 
the circle at the degi'ee whose sine is required. If a cur- 
rent of known strength, then, deflects the needle to an 
angle of thirty degi-ees, and the current to be compared 
deflects the needle to an angle of forty-five degrees, the 
strength of the second cuiTent is to the first as the sine 
of forty-five degrees is to tlie sine of tinrty degrees. 
The nsual practice is to read off the degree and refer to 
a table of sines for the required sine. In nsing the sine 
galvanometer it is necessary to be careful tbat, if the 
needle is at zero at starting, it is brought back exactly 
to zero again. It is a very accurate instrument, if prop- 
•erly managed, and is used chiefiy for measuring and 
: compaiing weak cnrrents. 

105. Wliat 18 a differential galvanometer, and how is it tisedf 

It is an instrument invented by M. Becquerel, The 

needle is poised or snsiwnded like that of the sine and 

tangent galvanometers, but is surrounded by a coil com- 

I posed of two wires of equal length, size, and conduc- 

i tivity. 

The ends of these coils are so connected that a current 
j made to traverse them passes through the two coils In 
[ opposite directions, and therefore, when the current in 
[.each coil is equal, the effect of one coil is completely 
I neutralized by that of the other, and the needle is not 
I deflected. If now one euirent be made stronger than 
I the other the balance will be destroyed and the needle 
I wiU be moved by the stronger ciirrent. 

This instrument is used to measure resistances by 
I comparing them with standard resistance- coils. The ra- 
L sistance to be measured is inserted in the circuit with 
[ one of the galvanometer coil-wires, and the standard 
I resistance in circuit with the other coil-wire. The 
Pstandard resistance is usually inserted by drawing out 
I pings, or, as it is teclinically called, " unplugging reaist- 
ijADce." We will suppose that a telegraph line is to be 
rmeasured for conductivity re,sistance: it is placed in 
f-'fiircuit with one of the galvanometer coiis, with the 
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effect, of course, of greatly increasing the resistance on 
that side ; and, in consequence, a large proportion of 
the ciirrent retnms through the other side, where as 
yet there is only the resistance of the galvanometer- 
coil, the needle being strongly deflected. We then nn- 
plag resistance from the rheostat on the opposite side to 
that of the resistance to be measured, until the needle is 
balanced ; and the amount thus unplugged equals the 
resistance to be measured. 

In order that widely differing resistances may be bal- 
anced, one coil is provided with shunts. These, when 
used, vary the sensibility of the galvanometer, and, by 
diverting a portion of the current, permit a small resist- 
ance on one side to balance a large resistance on the 
other. For example, if we have a resistance to be mea- 
BHi-ed, and the comparison coils at hand are not large 
enough to be substituted for the unknown resistance 
without the use of a shunt, we employ a shunt of, say, 
one- ninety -ninth of the resistance of the galvanometer- 
coil. The cuiTent passing through that coil will then 
be one-hundredth of the original current, because the 
ninety-nine hundredths pass rhrough the lesser resist- 
ance of the shunt. Now, as the current passing through 
the coil is but one-hundi-edth part of the entire current 
which, if unsliunted, would pass through it, it follows 
that the resistance which must be unplugged to balance 
the unknown resistance will actually be but one-hun- 
dredth jmrt of the resi-stance required. 

After nsing the shunt of one- ninety-ninth, then, we 
will suppose that, to balance the needle, we have to- 
unplng five hundred ohms, wliich is, as stated above, 
just one-hundredth pai-t of the time unknown resis- 
tance. 

All we then have to do is to multiply the live hundred 
by one hundred, and the result is equal to the unknown 
resistance — that is, fifty thotisaml ohms. 

It is particularly important that each coil should 
" ' insulated fmra the other, as imperfect Jnsula- 
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tion is the worst defect a galvanometer of tMs class can 
liave. 

106. Describe Thomson's reflecting galvanometer. 

Thomson's reflecting galvanometer is the most sensi- 
tive instrument in use, and is almost invariably em- 
ployed wlien very high resistances have to be mea- 
sured, and also when great accuracy is required. Its 
principle is that of delicately suspending a very light 
and small magnetic needle within a coil consisting of 
the greatest possible number of turns of wire, and of 
magnifying the movements of the needle so surrounded 
by a beam of light, reflected from a small mirror lixed 
to the needle, on a graduated scale about thi-ee feet 
away. 

Figure 46 shows the instrument in side elevation, 
inclnding the lamp and graduated scale, the galvano- 
meter being in section. 

Figure 47 is a cross-section through the coils, show- 
ing the needle. 

As usually made it has two circular coils, R, sepa- 
rated from one another by a brass frame, B, in which 
the needle, A, is suspended ; the coils completely sur- 
round the needle, so that, no matter what angles they 
are deflected to, they are always under tlie influence of 
the coils. The instrument is generally made astatic, 
and the two needles are connected one with the other 
by an aluminum wir^^ Irs base is usually made of 
ebonite, and is provided with spirit-levels at nght 
angles to each other, so that the whole instrument can 
be set accnrately level by means of levellingscrews. 

Although tlie coils are in a brass case, they are wound 
on bobbins of non- conducting material. The magnetic 
needles are very small, usually not more than tliree 
eighths of an inch long, and to the one in the upper- 
most coil, if an astatic combination is used, is fixed 
a very small mirror, a. The needle and the mirror 
are suspended by a silk fibre from an adjustable 
screw, b. 
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The beam of light before mentioneil is thrown from a 
lamp, E, placed behind a screen, Y, and falls on the 
needle-mirror, which is slightly inclined so as to reflect 
on a graduated scale, I, fixed on a stand, F, the said 
scale being placed immediately above the point where 
the beam leaves the lamp. 

The scale is a straight and flat sni-face, and is gene- 
rally marked with three hundred and sixty divisions 
on each side of the zero-point. 

The galvanometer- coils are insulated from the frame 
by a disc of hai'd rubber, T. 

In the best fonns of instrument a glass shade ia 
placed over the coils, and from tlie centre of its top a 
brass rod rises. A sliort brass tube slides on the rod 
and carries a weak bar magnet, slightly curved, which 
is fixed at right angles to the rod. This magnet can be 
slid up or down, or twisted around, and the sensitiveness 
of the needle thereby increased or diminished. By 
turning the bar magnet so ihat its north pole points to 
the north, it will act on the needle with a magnetism 
opposing that of the earth, and tend to turn the needles 
around. By sliding the bar gi-adually down a point is 
reached where the earth's magnetism is just counter- 
acted. When this point is anived at the needle will 
stand at any position. The regulating magnet is then 
raised about an inch higher than the neutralizing posi- 
tion, when the earth's magnetism will be just sufficient 
to keep the needles north and south. They are, there- 
fore, very sensitive to any external force, and move 
when a very weak current passes thi-ough the coils. 

In using this instniment no iron must be near it, and 
the testing operator should remove any keys or knives 
from his person, as so sensitive an instrument is often 
affected by such bodies. 

These instruments, when intended to measure large 
resistances, are often wound with German-silver wire, 
and thpir own resistance is sometimes as high as fifty 
thousand ohms. 
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Such an instrumen; will give, with one cell of Daiiiell's 
battery, a deflection of two hundred divisions when 
measuring an outside resistance of ten million ohms. 




The reflecting galvanometer, besides being used for 
delicate measurements and high resistances, is much 
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employed as a receiving instrument for telegraphic sig- 
nals sent through long submarine cables. A moditica- 
tion, known as Thomson's marine galvanometer, is used 
on ships laying cables, as a testing instrument, and for 
similar purposes. It is so arranged as not to be affected 
by the oscillations of the vessel, the fibre carrying the 
needle I>eing attached to both top and bottom of the 
frame in which it is suspended. 
107. TF7mi( ia the iriiealstone bridge i 

The Wheatstone bridge, though usually classed with 
galvanometers, and explained under that head by most 
of the text-books on electricity, is, strictly sjieaklng, 
not a galvanometer, but a system of measurement, or 
an arrangement of circuits whereby a galvanometer can 
be most advantageously employed. It was devised by 
Mr. S. Hunter Christie, and descrilaed by him in the 
Philosophical Magazine in 1836. But it was not much 
noticed or used nntil introduced by Wheatstone in 
1843, in a pajjer forwarded to the Royal Society de- 
scribing several new instruments for electrical measure- 
ments. Althtiugh previously described by Christie, it 
is almost universally known as Wheatstone's bridge or 
balance. It ia usually represented as in Figure 48, by 
a diagram with the wires arranged in the form of a 
lozenge. 

" [ four wires, which, for con- 
, C, and D. Two of the 
opposite comers of 
the lozenge are con- 
nected by a wir>i 
\vith a galvanome- 
ter in circuit, and 
the other two oppo- 
site comers are re- 
sjiectively connect- 
ed to the two iK)!es 
of a battery. The 
point at the left hand we 
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ill call A and C, and the two ttat converge to the 
right hand we will call B and D, 

Adjustable resistances are inserted in the branches 
A and C, a comparison coll, or rheostat, in one of the 
"branches B D, and the resiatance to be measured in the 
other. 

When all of the resistances are equal and the battery 
circuit is closed tlie galvanometer on the cross-wire 
will not be affected ; because, as electrical cniTents are 
caused by a difference of potential, and the two points 
connected by the galvanometer are, under those circum- 
stances, at the same potential, it is obvious that no cur- 
rent will pass through the cross- wire and galvanometer, 
there being no force tending to cause a current therein. 

Again, when branch A bears the same proportion to 
C that B does to D, no current will pass on the cross- 
wire, because the battery current having divided at the 
point of divergence of the wires A and C, in inverae 
proportion to the several resistances of those branches, 
that proportion of the eun-ent which is in each branch, 
on arriving at the crossing-point of the bridge, will still 
be at the same potential. 

But if the resistance A does not bear the same pro- 
portion to C that B does to D, the needle wUl be 
strongly deflected. Hence it will be readily seen that 
unknown resistances can be accurately measured by 
inserting them, for example, into the branch D, and 
varying the other resistances — chiefly that in the branch 
B — until the needle stands at zero. The proper propor- 
tion is now restored, and the unknown resistance is 
ascertained by a simple calculation in proportion, or the 
mle of three. For instance, we will suppose that in A 
we have a resistance of 100 ohms, in C 1 ohms. We 
then insert our unknown resistance in D, and a rheo- 
stat or resistance-box in B. When we close the battery 
circuit the needle deflects. , We then vary the resistance 
J^ i n the box nntil (he. "needle remains at zero. To ob- 
^■aln.this result we haye., unplugged 200 ohms. There 
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fore, as 100 is to 10, so is ^tH) to 20 — tlie resistance re- 
qiiii-ed. 

This is merely given as an illustration of the system. 
In practice, to measure a resistance within the range of 
the rheostat, the resistances in the bnmches A and C 
are made equal, because when they are equal the gal- 
vanometer is mtist sensitive. But, as it will readily be 
seen from the foregoing example, resistances both of ex- 
tremely great and extremely small magnitudes can be 
measured by this system. 

The bridge apparatus generally embraces a rheostat 
and galvanometer with two keys, one t« make and 
break the battery circuit, the other to make and break 
the bridge wire. The rheostat usually is made with the 
resistances of the three arms A, C. and B all in one 
box, and with the branches A and C each consisting of 
three coils — 10, 100, and l.tXH) ohms respectively— any of 
which may be nsed by the K'ithdrawal of its short-cir- 
cuiting pli^. The arm B is a set of resistance-coilB vary- 
ing from 1 to 4,000 or 5,000 ohms, while the arm D is 
provided with two binding-screws for the reception of 
the resistance to be measured. Circuits which only 
have one end within reach can be measured by patting 
one pole of the battery to enrth, the branch B also to 
earth, and extending the branch D to tKe circuit to be 
measured, which mnst also be grounded at the distant 
end. In using this apparatus, when the resistance to 
be measnred is approximately known, the proper plogs 
most be first taken ont of A ami C ; the battery key 
should first be pressed, then tlie galvanometer key, 
making very short contacts with the latter, until the 
needle is neariy balanced. When the balance is ob- 
taiaed it should be ascertained whether or not the 
needle uill remain steady when the contact is made 
ind l-r. ■kfii. 

■VlniLisi any good galvanometer can be used with Our 
system of measurement. The bridge is not now 
i for messnivments. but has been atiliied 




in duplex telegraphy and in the construction of 
leusitive burglar-alarm telegraphs. 

. What is meant by the constant of a galvanometer f 
The constant of a galvanometer means simply the de- 
flection of the galvanometer-needle, obtained through a 
standard resistance by a standard battery. The ex- 
pression is used more frequently in England than in 
America ; and there, as explained by Kempe, the term 
constant is applied to "the product of the deflection 
in degrees, and the resistance in ohms, when multiplied 
together. For example : With a battery, a galvanome- 
ter, and a resistance of 1,000 ohms in circuit, a deflec- 
tion of 20 degrees is obtained. The 1,000 is then multi- 
plied by tlie 20, and the product, 20,000, ia called the 
constant." 

If wires are to be tested the constant is first taken, as 
above, after which the wires are inserted in circuit, one 
by one. To obtain the resulis in olims the constant is 

r divided by the deflection obtained from each. 

109, What ia a rheostat f To what apparaUi» is the name 
applied f How is it used f 

The name rheostat was originally given by Wheat- 
stone to an instrument devised by himself for the pur- 
pose of varying at will the amount of resistance iu a cir- 
cuit. 

Two cylinders, one of metal and the other of some 
non-conducting material, were arranged near each other, 
80 that a fine German-silver wire could be rolled and un- 
rolled from one to the other, the resistance of the wire 
being known. When t!ie fine wire was all rolled on the 
metal cylinder it had no appreciable resistance, as the 
current would travel through the mass of the roller ; 
but wlien the wire was wound on the wooden or rub- 
ber cylinder in grooves prepared for it, the current was 
forced to pass through the entire length of the wire un- 
rolled. By tliis means resistance was added to or taken 
^m from the circuit. This apparatus is now scarcely ever 
^■fosed, but the name survives, and at the present day 
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when we speak of a rheostat we mean a set of standard 
resistanoe-cfiils arranged together iu a liox and nsed for 
electri(;ul measuiemeuts. Such an ajipai-attis is show 
in Figure 49. 




C0U3 of wire, varying in i-esistanre— for instance, from 
-["b of an ohm to 5,(HHi ohms — are arranged in a bos, 
their leniiinnl wii-es being i>ermaneni!y connected to- 
gether I>y a series of stout brass plates on the ebonite 
cover of the box. Conical brass plugs, inserted l»etween 
the brass plates, serve to thn>w the coils in and out of 
circuit. 

When all the pings are in, and the resistance-box is 
in cin'nit, the current takes the short ivith through the 
brass plates and the phigs ; but when any plug is with- 
drawn the sliort route Itetween the two brass plates 
which that imrticuhir plug connected is broken, and the 
correm is rouseqnenily forced through the coil below, 
and the resislanw of that coil isadded to ihecircuiL It 
^ will liiiis l*' seen thai, by Tar^-ing the arrangemwit of 

e plugs. I he resistamv may also be varied almost in- 

t«ly. In making a bos of ivsistance-o^ils thick 

*llil be usetl fur the small ivsistanoes, tor two 




§jeasDns : first, they are easier to adjust ; and, secondly, 

hey are less likely to become deratigeil by powerful cur- 

•ents. 

The wire used musb be of some metal which is not 

isily affected by changes of temperature. Gfemiau 

} generally used. 
The wire is insulated by two coatings of silk, and is 
woiind double so as to eliminate self-induction, and 
also that it may not affect galvanometers in its vicin 
ity. When coiled the bobbins are soaked in melted 
paraffine, which maintains their insulation. The high 
res^tances are made of fine wire, in order to economize 
space. 
The following precautions are necessary in using re- 
btance-coils : Keep the brass plugs clean and bright ; 
icause, if dirty, they will not entirely cut out the 
soils. Wlien a plug is inserted do not simply push 
[at in the hole, but give it a twist, and thereby insure 
[ood contact. Before commencing to use a rheostat 
give all the plugs a twist, to be sure that none of them 
3 loose ; and, finally, touch the brass plugs as little as 
)S8ible with the fingers. 

110. Give some simple methods of meaeuring resistance. 
The earliest method of measuring resistances was by 
' using a common galvanometer multiplier, or a sine ot 
tangent galvanometer, to place the resistance to be mea- 
sured in circuit alternately with a standard resistance. 
»If the deflection remained the same in both cases, it 
(Was assumed that the resistances were equal. The diffi- 
culty in this method was that the electro-motive force 
and internal resistance of the battery were supposed to 
remain constant — a condition which they rarely fulfil. 
The desire of obviating this difficulty was the cause of 
the introduction of the differential galvanometer and 
Wheatatone bridge, in both of which instruments the 
result is attained irrespective of battery variation. The 

Eantial method was much used by Becquerel and 
J at one time, but it is entirely superseded in Eng- 
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land by the bridge method. In the United States the 
method that happens to be moat convenient at the 
time is generally need. As the rheostat la now often 
made with a switch that ran be instantly moved fi-om 
the standard resistance to the resistance which is to be 
measured, the objection to the substitution method is 
subatantially removed. 

To measure resistance by any ordinary galvanometer, 
nsing resistance-coila, we must tirst connect up the gal- 
vanometer in circuit with the resistance to be measured 
and a battery sufficient to produce a good deflection. 
Note the deflection produced, then substitute the rheo- 
stat for the unknown resistance, and unplug resistance 
until the needle shows the same deflection as before. 
Add the figures on the holea unplugged, and we have 
the required resistance. If we use the rheostat provid- 
ed with the switch, all we have to do is to throw over 
the switch, and we can verify the result by moving the 
switch quickly a number of times. K the needle stands 
still at the same deflection, whichever side the switch 
rests, the result is correct. In using a diEFerential gal- 
vanometer we connect the rheostat on one side and the 
unknown resistance on the other, and vary the resist- 
ance in the rheostat until the needle stands at zero. 
The resistance unplugged equals the resistance required. 
In using the Wheatstone bridge system the unknown 
resistance is inserted in the side of the bridge, opposite 
to the variable resistance. If we have any idea what the 
resistance to be measured should be, we first unplug 
equal resistances on tlie first two sides of the bridge, 
each as near to the unknown resistance as may be. We 
then unplug re-istance on the third side until the needle 
remains at zero when the battery key is pressed down. 
The resistance unplugged from the comparison-coils 
then equals the resistance required. For example : We 
, have a bridge aystem, the first and second branches of 
*»hich each possess resistance-coils of 10, 100, and 1,000 
8, any or all of which may be unplugged at will ; 
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■ithe third branch lias a series of coils, from 1 to 4,000 
ohms, and the fourth has bindiiig-poste for the in- 
sertion of the resistance to be measnrt'd. Tliis resist- 
ance we suppose to be about 400 ohms. The 100-ohm 
coils in bnmches one and two being the nearest fig- 
ures to the supposed resistance, we unplug them, and, 
pressing the battery key, find that the needle violently 
, deflects. We then unplug 400 ohms on branch three, 
ftimd again press the battery key, wben we find that the 
riieedle still deflects slightly. We unplug 50 ohms more, 
and find the needle has now passed the zero-point and 
deflects to the opposite side, showing that we have un- 
plugged too much. We replace the 50-olim plug and 
draw 30. The needle will now, perhaps, stand at zero 
when the key is pressed, showing that the resistance re- 
quired is 420 ohms. The reason for withdrawing the 
lOO-ohm coils on the first and second branches is that the 
galvanometer is most sensitive when all the branches are 
equal. It is, therefore, aa sensitive as possible when tile 
branches are as nearly equal as possible. 

When we measure the resistance of a wire the dis- 

Flant end of which is to earth, we join the near end of the 

3 to the terminal of branch four, put one end of the 

^battery to earth, and also pnt the terminal of branch 

i to earth, and proceed as before. 

111. How inay three paixillel Une-iviTes be vieasured tvithout 

ting an earth-wire % 

CaJl the wires 1, 2, and S. The resistance of each is 

required ; 1 and 2 are connected at the distant end, and 

the loop measured, the result being, we will say, 300 

ohms. We then connect 1 and 3 at the distant end, and, 

measuring, find the result to be 600 ohms. Lastly, we 

loop 2 and 3, and, measuring again, find the resistance 

, to be 700 ohms. To get the resistance of No, 1 we add 

hB first two results together— the 300 and the 600 ohms 

—the sum being 900, which is obviously the sum of the 

jsiatances of all the wires ; the first being doubled, as 

1 was measured twice. VCe then subtract the third 
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reenJt from the sum so obtained, deducting 700 — tlie 
amount of resistance of Nos. 2 aud 3 — from 900, and find 
the remainder to be 200. This divided by 2, becauee 
No. 1 was twice measured, gives us 100 ohms as the re- 
sistance of No. 1. The i-esistance of No. 2 is ascertained 
similarly — that is. by adding the firat and tliird results, 
subtracting the second, and dividing by 2, and is then 
found to be 3(tO ohms. The resistance of No. 3 is ascer- 
tained by adding the second and thu-d results, subtnict- 
ing the fii'st from the sum, and dividing by 2, leaving 
the final result 500 ohms. That these final results are 
correct may, of course, be readily proved by adding 
them together. 

112. What is meant by the internal resistance of a battery f 

It must not be forgotten that the battery is a part of 
the cii'cuit, and must therefore be considered not merely 
as a producer but also as a conductor of the current. 
Considering it in this light, it is obvious that it must of 
necessity bear its proportion of the resistance of the cir- 
cuit, since, as previously stated, all siibstances present 
more or less resistance to the passage of electricity. The 
inteiTial resistance of a battery consists, first, of the re- 
BiBta^nce of the liquids, and, secondly, of the porous cell, 
if one is used, to separate the liquids. 

It is modified by the size of the plates, for the larger 
the plates are, the greater the area of the liquid, and 
consequently the less its resistance ; by their distance 
from each otlier. for the nearer they are placed the 
shorter is the liquid conductor ; and by the nature of 
the liquid in which they are immersed, for acid solutions 
usually offer much less resistance than saline liquids. 

Both acid and saline solutions, though the best of 
liquid non-metallic conductors, offer enormously more 
resistance than metals, as will be seen from the follow- 
ing comparison ; 

If the resistance of copper be taken as 1, mercury may 
be taken as 50, a solution of water twelve parts and sul- 
phuric acid one part will be 1,500,000, a solution sata- 
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Vttated with zinc sulphate 16,000.000, and a saturated 
solution of copper sulphate 17,000,000. 

The resistance of a battery having its cells arranged in 
series increases in direct proportion to the number of 
cells which compose it — that is, if one cell have an in- 
ternal resistance of 1 ohm, a battery of 10 similar cells 
will have a resistance of 10 ohms, 

*K the two poles of a battery are connected by the 
Shortest and thickest wire practicable, the internal resist- 
ance of the battery constitutes, practically, the entire 
resistance of the circuit. 

The voltaic battery is, therefore, a type of all force- 
producing machines, in that it produces force and at 
the same time offers a resistance to that force ; as, for 
instance, in a steam-engine the friction of the steam in 
the pipes, of the piston in the cylinder, and of the shafts 
in the bearings cannot be avoided. 

The internal resistance of some of the cells in common 
use is given below : 

^ Grove, half an ohm ; Baniell, 3 to 5 ohms ; gravity, 2 to 
ohms; Leclanche, about 1 ohm ; Minott«, lOtoSOohma. 
113. Describe the simplest and best methods of metwicritig tlw 
internal resistance, of a buttery. 

There are various methods of determining the Internal 
resistance of a battery. We give three ways which are 
as simple as any. The first, often called Mance's me- 
thod, from its discoverer, is to place the battery to be 
measured in the fourth branch of a Wheatstone bridge. 
Let the first two branches be fixed resistances, and the 
third a rheostat or adjustable resistance. The galva- 
nometer is kept in the usual place on the cross-wire, but 
in the usual place of the battery we substitute a key, 
which permits us to connect or disconnect the wires, 
thereby enabling us to close or open the circuit at the 
point where the battery is generally placed. The adjus- 
table resistance ia then varied until the making and 
breaking of contact by the key does noft alter the de 
flection of the needle. Then, as the resistance in branch 
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1 of the bridge is to branch 2, so ia the resistance un- 
plugged from the rheostat in branch 3 to the internal 
resistance of the battery in branch 4 ; or, if the two 
branches at the first end are made equal, the resistance 
of the battery is also equal to (hat of the rheostat. 

To illustrate : We will call the four branches of the 
bridge A, B, C, and D, and have a resistance of 10 ohms 
in eacli of the branches A and B. We place the battery 
to be measured in D, and the rheostat in C. We then 
close the key and tlje needle deflects ; but on raising 
the key the deflection alters materially. We unplug, 
say, 50 ohms from the rheostat, and find then that the 
deflection remains the same, whether we depress or raise 
the key. Then, as A and B are equal, both being 10 
ohms, D must also be equal to C — that is, 50 ohms. 
This method is practically independent of the galva* 
nometer resistance, and is extremely accurate, because 
it is not affected by variations in the strength of the 
bat tery. 

As in measuring the resistance of a galvanometer by 
its own deflection, it will generally he necessary to adopt 
some method of reducing the deflection, in order to ob- 
tain an accurate measurement. This may sometimes, 
when the instrument is not very sensitive, be done by 
making the branch resistances unequal. The desired 
end may be gained more effectually by shunting the 
galvanometer. 

In the second method the tangent or sine galvano- 
meter may be used. Connect a rheostat, a tangent 
galvanometer, and the battery to be measured in circuit 
-together. Vary the resistance in the rheostat till the 
■needle shows a deflection, for example, of 45 d^rees. 
Then, refening to the table of tangents, we find that 
the tangent of 45 degrees is 1. Note the resistance un- 
pinned and find what half of the tangent of the deflec- 
tion is. Tn this case, as the tangent is 1, its half will be. 
of course, one half, or. in decimals, .5. Referring again 

the table, we see that the degree of which .5 is the 
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tangent is 27. Then unplug resistance until the deflec- 
tion ia reduced to 37. Again note the resiatimce un- 
plugged. Then, to ascertain the battery resistance, 
double the smaller resistance noted and add to the re- 
sult the resistance of the galvanometer, and subtract 
the total from the larger resistance. The difference is 
the resistance of the battery. For example : We use a 
galvanometer of 100 ohms resistance, and unplug for the 
tirst deflection 80 ohms. To halve the tangent of the 
first deflection we have to unplug 400 ohms. We then 
double the smaller resistance, the result being 160 ohms, 
to which we add the resistance of the galvanometer, 100 
■ohms, making in all 960, Then we subtract 260 from 
the laiger i-esistance unplugged, 400 ohms, and find that 
the difference is 140, whicii is [he resistance of the bat- 
tery. 

A third method is to join two cells of the battery 
whose resistance is to be measured in opposition to one 
ianother, so that they send no current of their own, and 
then measure the two together by a tangent or differen- 
tial galvanometer, in the same way that we would mea- 
sure any other resistance. 

The resistance of a single cell will be half of the two. 

114. How is the resistance of a galvatiometer ascertained t 

If we have more than one galvanometer at hand the 
■obvious way of ascertaining the resistance of either is, of 
■course, to regard them as any other ordinary resistance 
to be measured, using one of them as an instrument with 
which to measure the other. But circumstances some- 
times occur which render it desirable that we should know 
the resistance of the galvanometer which we are using 
when we have no other to use as a measuring instrument. 
There are several ways whereby this may be accomplish- 
■ed. The two simplest are here given : First, using the 
Wheatstone bridge. The galvanometer is placed in one 
■of the branches of the bridge^branch 4, for instance — 
instead of being left in the cross-wire circuit as usual ; 
and in the regular place of the galvanometer a circuit- 
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closiDg key is placed, so that we may connefit or discon- 
nect the two points which would ordjiiarily be connected 
to the galvanometer. The battery is retained in its 
regular position ; and, of coiirae, the cmrent flowing 
from it passes tlirough the brandies of the bridge and 
causes tlie giilvaoometer-needle to deflect. 

The coils in the other bi-anchea are then adjusted until 
the deflection remains unaltered, whether the key in the 
cross-wire is depressed or not. When this is the case a 
balance has evidently been effected, and consequently we 
get the resistance of the galvanometer by the iisual pro- 
portion ; thus, as branch 1 is to branch 2, so is the resis- 
tance of branch 3 to the resistance of the galvanometer 
in bmnch 4. To illustrate : If we have 100 ohms un- 
plugged ill branches 1 and 2, and to effect a balance 
we have to unplug 350 ohms, the first two branches be- 
ing equal, the galvanometer in branch 4 is also equal to 
the amount unplugged in branch S^that is, 250 ohms. 
That this method may be clearly understood, we must, 
go back for an instant to the piinciple of the bridge. 

We will see that if a balance is not established, andl 
a current is flowing in the coils of the galvanometer, 
which is in i(s usual place in the cross-wii-e circuit, the 
current will be denoted by the deflection of the needle j' 
and, as a matter of course, any change in the resistance- 
of the galvanometer, or of any part of the cross-wire, 
will affect the strength of current in all of the four 
branches of the bridge. If, on the contrary, a balance 
is established, and the fact is indicated by the needle re- 
maining undeflected, we may alter the resistance of the 
galvanometer, or even take it away altogether, without 
in any way affecting the current in the brauclies. 

So, in measuring the resistance of the galvanometer 
by this method, when equilibrium is once attained, it 
matters not whether the key in the cross-wire is open or 
closed, the deflection remains stationary, 

't will be observed that this measurement is identical 
iciple with one of the plans of measnring tlie in- 
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temal resistance of a battery. As deseribt-d in that 
method it frequently happens that the deflection of the 
needle is so gieat as to be immeasui'able, and one of 
several expedieats must be adopted to reduce it. 

This may be done by jiving the needle an initial bias 
to one side by means of a permanent bar magnet, or, 
what is equivalent, bringing the needle buck to zero by 
approaching the permanent magnet to it. 

Or we may shnnt the galvanometer by a shunt of suf- 
ficiently low resistance to bring the needle to a proper 
deflection, and then measure the Joint resistance of 
shunt and ^vanometer. 

Or we may shunt the battery, so that but a small part 
of tlie current passes thiough the galvanometer. 

Or we may weaken the battery current by inserting 
high resistance in the battery circuit. 

Or we may insert resistance in the same arm as the 
galvanometer, and, measuring the whole as one resist- 
ance, deduct the amount of the added resistance from 
the total to give the resistance of the galvanometer. 

The second metliod may be adopted when the bridge 
cannot be used, and is as follows : Put the galvanometer 
in circuit with a reaistauce-box and a battery whose in- 
ternal resistance is so small that ir may be neglected; 
unplug any resistance, say 400 ohms, and note the de- 
flection. We will assume it to be 90 degrees. Then put 
plugs back, withdrawing resistance from the circuit un- 
til the former deflection is doubled, so as to reach 40 
degrees, there being then 300 ohms unpluggeil. Then 
multiply the two resistances by their respective de- 
flections, subtract the smaller product from the lar- 
ger, and divide the result by the difference between the 
two deflections. Thus, 400 ohms multiplied by 20 is 
8,000 ; and 300 mnltixilied by its deflection 40 is 13,000. 
Tlien, 12,000 minus 8,000 leaves 4,000. That amount 
divided by 90, which is the difference between tlie de- 
flections 20 and 40 degrees, gives us, as the resistance of 
the galvanometer, 200 ohms. 
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116. How may t)ie eleefro-motitv force of butteries be mea- 
mtred, coin-pared, or estimated I 

Tlie electro-motive force of a voltaic battery may be 
determined by several methods, but as no absolute stan- 
dard of eleotro-motive force is known we cannot deter- 
mine the force of any pai'ticuiar battery in standard 
units (volts), but can only eompaj-e the relative force of 
two or more batteries. We will consider several of the 
most siiujile and reliable methods : 

First. If we join up a number of cells in circuit in 
opposition with a number of other cells and a, galva- 
nometer, by adjusting the number of cells so that no 
current passes, and that, consequently, the needle has 
deflection, the relative force of the two batteries may be 
determined. 

For example : We desire to know the electro-motive 
force of a ehromic-acid battery of 10 cells, and we have 
a Daniell battery with which we can compare it. We 
know that a Daniell cell in good order is about 1.079 
volts. We connect one pole — the zinc, for instance — 
of our chromic-acid battery to one terminal of the gal- 
vanometer, and the carbon pole to the copper pole of a 
battery composed of an equal number of Daniell cells ; 
the zinc pole of the Daniell battery is connected to the 
other terminal of the galvanometer. W^e then find that 
the chromic-acid battery causes the needle to deflect. 
We add cells to the Daniell battery until the needle de- 
flects no longer. We find that we have added 10 cells. 
Thus it has taken 20 Daniell cells to balance 10 of the 
chromic-acid cells, showing that the cliromic-acid bat- 
tery has just twice the electro-motive force of the Dail' 
iell, or in tlie ratio of 2 to 1. 

To ascertain the value in volts multiply the electro- 
motive force of the Daniell cell, 1.079, by the number, 
of cells, 20, and divide by the number of acid cells, 10. 
The quolient is 2.158, which is the value of the chromic- 
d cell ; or, in other words, as the larger number of 
'"h to tlie smaller number, so is the electro-motive 
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force of the larger number, in volts, inversely to that of 
the smaller number. 

The second method, using a tangent galvanometer, is 
as follows : The electro-motive forces of two batteries, 
which we will call No. 1 and No. 2, are to be compared. 
No. 1 is joined up in circuit with a galvanometer and 
a resistance-bos. Sufficient resistance is unpliigged to 
cause a convenient deflection of the needle. The tan- 
gent of the deflection must be noled, as must also the 
total resistance in circuit — that is, the resistances of the 
battery, galvanometer, and that nnjjlugged from the box. 
Then remove battery No. 1 and substitute No. 2. If 
tlie internal resistance of No, 2 is different from No. 1, 
the resistance unplugged must be adjusted until the 
total resistance in circnit is the same as before. Again 
note the tangent of the deflection. Then the electro- 
motive force of No. 1 is to the electro-motive force of 
No. 2 as the first tangent noted is to the second. 

For example : Ijet No. 1 battery have a resistance of 
60 ohms and the galvanometer 100 ohms. We unplug 
800 ohms in the resistance-box, making a total resistance 
of 960 ohms. 

With this resistance we will suppose the needle de- 
lects to 35 degrees. Referring to the table of tangents, 
we find that the tangent of 36 degrees is ,70. 

We note the above facts and disconnect battery No. 
1, substituting in its place No. 2, which has a resistance 
of 100 ohms. We alter the resistance- coil to 760 ohms 
to make the total resistance the same as before — that is, 
960 ohms. We find the deflection now to be 42 degrees, 
the tangent of which is .90. 

Then as .70 is to .90, so the E. M. P. of No. 1 is to the 
E. M. F. of No. 2. In these measurements it is supposed 
that we know the E. M. F. of one of the batteries, which 
Ih called the standard battery ; so, to reduce the calcula- 
tions to figures, we will call No. 1 the standard, and as- 
H some it to have a value of 20 volts ; and as .70 is to 20 
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The third method was deviseU by AVheatstone, and 
consists in placing each battery alternately in cii-cuit, 
varying resistance to produce the same deflection with 
each, then adding the required resistance in both cases 
to prodnce lower but, again, similar deflections ; the 

E. M. F.s then being directly proportional to the added 
resistances which in both cases wei-e required. 

To iUnatrate : No. 1 battery, which we will suppose 
has a known E. M. P. of 25 volta, is placed in circuit 
with a galvanometer and a resistance -box. We unplng, 
say, 2,0(X> ohms, and note the deflection to be 30 degrees. 
Adding 20'> ohms to that already unplugged brings the 
deflection down to 24 degrees. Taking out battery No. 
1 and inserting battery No. 2, we And that to produce 
the same deflection— 30 degrees, as at first produced 
with No. 1 — we have to unplug but 1,&)0 ohms ; and 
by adding 160 ohms we bnng the deflection down to 
that produced by adding, when No, 1 was in circuit, 24 
degrees. Now, the amount added in the measurement 
of No. 1 — that is, 200 ohms — is to the amount added In 
the measurement of No. 2— viz., 150 ohms — as the E, M, 

F. of No. 1, 25 volts, is to ISJ volts, the E. M. F. of 
No. 2. 

116. Wiiat is a shunt f 

A shunt may be defined as a contrivance for lending 
by another route part of a current which, as a whole, 
is too powerful for the imrat'diate purpose. In the pre- 
sent connection it is a coil of wire used to divert some 
definite proportion of a current aside from nr past a gal- 
vanometer or other instrument, instead of allowing it to 
pass through the instrument coils. 

For instance, if the galvanometer has its two terminals 
connected by a wire wliich includes a resistance equal 
to one ninety-ninth of the resistance of the galvanome- 
ter, we reduce the galvanometer to one-hundredth of its 
original sensibility, ninety-nine hundredths of the cur- 
rent passing thi-ough the shunt and the remaining hun- 
dredth through the galvanometer. Similarh', if the 
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ehunt be exactly equal to the galvanometer the current 
will divide in equal proportions between the galvanome- 
ter and the shunt. If the shunt is one-half the resist- 
ance of the galvanometer, two-thirds of the current will 
pass through the shunt and one-third through the gal- 
Tanometer, and bo on. The rule is that the cniTent di- 
vides between the galvanometer and tlie shunt in inverse 
proportion to theii- respective resistances, the greater" 
portion of the current always going through the smaller 
resistance, and the smaller portion through the greater 
resistance. 

When very strong currents are being used in measuie- 
ments it is necessary that a shunt be employed, in order 
that the needle's deflections may be reduced to a reason- 
able limit. 

Galvanometers are usually provided with three shunts, 
■which are respectively one-ninth, one ninety-ninth, and 
one nine- huudred-and- ninety- ninth. These reduce the 
current passing through the galvanometer respectively 
to its one-tenth, one-hundredth, or one- thousandth part. 

117. What ie the formula for finding what resistance a shunt 
xhould be to reduce the sensibility of a galvanoinetei- to any re- 
quired fractional part, atid what is meant by the multiplying 
power of a shunt f 

The formula for finding what the i-esistance of a shnnt 
should be, to give it a. definite value, is to make the re- 
sistance of the shunt equal to the resistance of the gal- 
vanometer, divided by the multiplying power required, 
minns 1. 

For example : Suppose we have a galvanometer whose 
resistance is 100 ohms, and we wish to prepare a shunt 
■which will reduce the sensitiveness to one-tenth. We 
divide the galvanometer resistance by the fractional part 
to which we wish to reduce the sensibility, minus 1 — 
that is, we divide the 100 by 10, minus 1, which is, of 
course, 9. The quotient of 100 ohms divided by 9 is 
11 i ohms, which is the resistance of the shunt re- 
quired, and is one-ninth of the J'esistance of the galva- 
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nometer. This is called a shunt having a multiplying 
power of 10. To obtain the true value of a defection 
taken, for instance, from a shunted tangent galvanome- 
ter, we must multiply the tangent by the multiplying 
power of the shunt used. To ascertain the multiplying 
power of any sliunt whose resistance is known we di- 
vide the resistance of the galvanometer by the resistance 
of the shunt, and add one to the cLuotient. 

Again : We are iising a galvanometer with a resist- 
ance of 1(X) ohms, and insert a shunt whose resistance 
we know to be 25 ohms. To find out by what num- 
ber we have to multiply the shunted result we divide 
the 100 by 35, which gives us a quotient of 4, to which 
must be added 1, showing that 5 is the mnltiplying 
power required. 

118. If we employ a shunt of a given proportion, is the cur- 
rent which then passes through tlie galvunometer strictly the 
proportionate part of tfie original current to xchich it is appa- 
rently reduced ? 

No ; because by the act of employing the shunt we 
fumisli a double route for the current, and thereby 
diminish the external resistance of the circnit, and, 
as a consequence, the strength of current furnished by 
the battery is increased. It is, therefore, the increased 
current that splits between tlie shunt and the galva- 
nometer, instead of the original one. For example : If 
we are using a tangent galvanometer, and the tangent of 
deflection without the shunt is .SO, we might naturally 
phave supposed that, on the introduction of a shunt which 
[ reduces the sensitiveness of the galvanometer one-haLf, 
the tangent wonld also be brought down one-half — that 
is, to .40. Bnt such is not the case, the result being 
some higher tangent than ,40 ; and to bring about an 
acenrate result we must first find the joint resistance 
of the shunt and galvanometer, and then insert an ad- 
ditional resistance in the battery circuit equal to the 
amount by which the original resistance was decreased. 
Tli^is, if both the galvanometer and shunt are 100 
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ohms resistance, the joint resistance of the two is 50 
ohms. 

In this case, therefore, we should have to insert 60 
ohms in the battery circuit to compensate for the de- 
crease in resistance and to bring the current back to 
its original strength. 



CHAPTER X. 

PRINCIPLES OP TELEGRAPHY EXEMPLIFIED IN DIFFER- 
ENT SYSTEMS. 

119. What are the necessary parts of every line of telegraphy 
or telegraphic circuit f 

In answering this question we shall be assisted by re- 
membering what is the work required to be done in elec- 
trical tmnsmission. 

This, we shall see, may be divided into three heads : 
JP^irst To generate or develop the electricity in sufficient 
quantity and of the necessary strength to do the re- 
quii'ed work in the circuit. Second. To be able to trans- 
mit the electricity to any required distance without any 
serious loss by the way. Third. To cause it, on its 
xirrival at the distant point, to produce results appre- 
-ciable by the senses ; in other words, to record or de- 
Jiver its messages. 

To accomplish these results, then, it is necessary to 
"have in each telegraphic circuit, as shown in Figure 50 — 

LINE 





vl^ A irenerator oi eleinricitv, which in nearly everv 

case is a scalvanic batterv, E, but which mav be, and 

sometimes i^. a maimeto or dvnamo-electric machine. 

(2^ A i\»iiuiio:.>r of eWtrioity Wtween the stations 

and B, cons-isring usually of an insulated line-wire 
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xtended from one terminal station to the otlier, and 
ending in the ground, Gf, at each terminal. 

For pi-actical purposes the earth may be regarded as 
a return wire. When the line is a short one a return 
wire is often actually used, and is indeed preferable, as 
the earth connections frequently interpose a higher re- 
sistance than a short retiirn wire. 

(3) At each station api>aratus to render the current 
evident to the senses — that is, instruments, M and M', 
wherewith to receive the signals and to interpret them, 
and corresponding instruments, K and K', by which 
they are transmitted. 

These elements — i.e., the battery, the line-wire, the 
transmitting and receiving instruments at each station, 
and, finally, the earth — compose the telegraphic circuit. 

120. Have any attempts been made to utilize frictional elec- 
tricity for telegraphic purposes t 

Yes, in several cases. The tirst attempt on record is 
that of Lesage In 1774. He employed twenty-four 
wires, one for each letter in the alphabet, each wire 
terminating in a pith-ball electioscope, tagged with its 
respective letter. Then Lomond, in the year 1787. em- 
ployed one wire, with a pith-ball electroscope. In the 
same year Betancourt used one wire, operated by a Ley- 
■den-jar battery. The next attempt was made by Reizen 
in 1794. He arranged twenty-six wires. The letters 
were cut out in tin foil and rendered luminous by the 
passage of the electric spark. In the next year Cavallo 
used one wire, and the number of sparks designated 
the diffei-ent signals ; two hundred and fifty feet was, 
however, the extreme length of line he used. In 1796 
D, F. Salva, of Spain, is said to have worked a tele- 
graph through a line of twenty-six miles. 

In 1816 Ronalds laid wires both underground and in 
the air, and used a pith-ball electroscope hung in front 
of a clock, which enabled the letters on a dial to be read 
off. Finally, Harrison Gfray Dyar, an American, con- 
structed a telegraph on Long Island, in 1827 and 1828, 
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which was to repreaent the different letters by means of 
the difference in time between the several sparks. In 
all these systems frictional or mechanical electricity was 
intended to be employed. These early attempts in 
electric telegraphy, valuable as successive steps in the 
art, were all failures, chietiy from the fact that frictional 
electricity, from its hif^h potential, or, in other words, 
its great power of overcoming resistance, escapes from 
the line of communication over even the poorest con- 
ductors. 

121. W?Mt systems of commercial telegraphy are in use at the 
present time / 

In America the telegraphs now in general use are : 

1. The Morse, with its improvements of duplex, quad- 
ruples, and harmonic telegraphy ; its use is universal, 

2. The type - printing telegraph, used chiefly on 
trunk lines between Boston and New York, New York, 
Philadelphia, and Washington, and New York and 
Chicago. 

3. The AVheatstone automatic system. 

In nearly every country the Morse system is most gene- 
erally used, and maintains its supremacy on accoiint of 
its simplicity, its comparative accuracy, and the speed 
with which it may be manipulated. 

The Wheatstone needle system is still employed on 
many circuits in England, but is being gradually super- 
seded by the Morse. 

Its use is advocated by English telegraphic authorities 
for circuits wliicli Iiave many stations, none of which 
singly do much work, but which collectively have 
enough business to occupy a wire, and for railroad 
service. The maintenance of the needle system is eco- 
nomical. 

A magneto-dial system, called the Wheatstone A B 
C, is also extensively employed tliere, and is especially 
adapted for branch Hnea and offices in small villages 
where there is not enough work to pay for an expert 
operator. The Wheatstone automatic is also much used. 



Indeed, England has been most successful in automatic 
I telt:graphy. 

122. Give a brief outline of the American closed-circuit Morse 
telegraph system. 

A number of stations, each provided with main-line 
instruments, consisting of a key and relay, together with 
local circuit instruments, consisting of a sounder or re- 
gister and a local battery, are placed on one main circuit 
together. The main line may be of any desired length 
within certain limits, but is not ordinarily more than two 
or three hundred miles long. Tlie two end stations are 
called the terminal stations, and at these the main bat- 
teries are usually located. Should it take three hun- 
Idred cells of battery to work the line, about half should 
ordinarily be placed at each end. In that case, if at 




•one terminal station the copper pole of the battery be 
"to line, at the other terminal station the zinc pole must 
be to line ; and the circuit, starting, we will siiy, at ata- 
tiim A, nt tlie .trronnd, will pass through the battery of 
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one hundred and fifty cells, entering at the zinc pole, 
leaving the copper pole for the line. 

Thence its route is from station to station, at each one 
passing through the spools of the relay and the key, 
until it arrives at the distant terminal, station B, where, 
after passing the relay and key, it enters the battery at 
the zinc pole and finally leaves its copper pole for the 
earth. A great number of stations may be included in 
this main circuit, and all the instruments will work 
simultaneously in unison with each other when a key is 
operated at any station. This arrangement is clearly 
shown in Figure 51. 

Should an operator at any oflSce wish to send a mes- 
sage to any other oflSce, he must open his key, thus 
breaking the circuit and causing the current to be inter- 
rupted. The armature of each relay in the circuit then 
falls away, opening the local circuits and causing the 
sounder or register armatures to respond in a similar 
manner. 

The operator then manipulates his key by alternately 
depressing it and allowing it to rise so as to form the let- 
ters of the Morse alphabet. The armatures of all the 
relays and sounders in the circuit respond to each of his 
movements, and so convey the desired signals throughout 
the entire circuit, including the distant station. 

The electrical arrangement of a terminal station is 
shown in Figure 52, in which the line, L, enters the sta- 
tion by the lightning-arrester, X, passes to the relay, M, 
which it enters by the binding-screw 1 and leaves by 
tlie screw 2, proceeds to the key, K, and from thence by 
the main battery, E, to the ground Gr. 

The relay operates the circuit of the local battery, E', 
which, leaving tlu^ positive pole of the battery, is led to 
screw-i)()st 3 of the relay, through the armature and cir- 
cuit-closing points of the same to screw-post 4, out to 
the sounder, S, and from thence back to the negative 
pole of the local battery. 

The arrangement of a way station is quite similar, 
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differing only in the fact that the main wire, after pass- 
ing the relay and key, instead of going to the main bat- 
tery and ground, leads ont to the next station. A cut- 
out is necessary at way stations. 




The way in which the local circuit is controlled by 
the main line ia illustrated by Figure 53, where a relay, 
M, in a main-line circuit is shown, provided with an ar- 




Ftg.sa, 



I mature and lever, S. This forms part of the circuit of a 
[ .local battery, B, whicli jjasses through the relay -points, 
I P, and sounder- magnet, G ; tlie points actually having 
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the same functions as a key, but being automatically 
worked by the atti-action of the relay. 

123. Why is it that, as just stated, the batteries in a Morse 
telegraphic circuit are usually placed at the te}-minal etatiotis f 

It is usual to place lialf the battery at each end of the 
line, because, as all lines are more or less liable to defec- 
tive insulation, such an airangement tends to give better 
results on the whole than if the battery power were all at 
one end. If the battery were so placed, and the insula- 
tion at aU imperfect, the working current, on account of 
the leakage, would be much weaker at the distant end 
than at the battery end. 

124. Is electric telegraphy used for any otiier than commei-cial 
purposes f 

Yes, it is employed for a great variety of different pur- 
poses. In contradistinction to commercial aud railroad 
telegraphy — which is properly restricted, in its meaning, 
to the sending and receiving of messages — systems for 
other and distinct purposes are here called special sys- 
tems. 

125. What are the principal special systems used in America t 
The municipal fire-telegraph system, the District or 

messenger business system, the police telegraph, the 
Gold and Stock or Exchange printing telegraph, and 
the automatic fire-signalling system. 

126. Describe in general terms tlte construction and operation 
of the municipal fire-telegraph. 

The fire-telegraph system of America has repeatedly 
proved its great value, and is a well-known American 
institution. It has been brought to a state of great per- 
fection by the Gfamewell Company. 

The lines all radiate from a central point, connecting 
with a number of signal boxes in various parts of the 
city. They are unifonnly what are termed metallic cir- 
cuits, the ground forming no part of the circuit ; that is, 
the line, leaving, for example, the copper pole of the bat- 
tery, after making its circuit of the city returns by an- 
other route to the zinc pole of the batteiy. 
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In large cities the signals transmitted from tlie boxes 
are carried by the wires to a central office, from which 
the alarm is giyen to the engine-houses and other neces- 
sary points. 

The action of the signal-boxes is as follows ; When 
the handle is pulled, a detent is tripped, which permits 
a circuit-wheel to revolve by a train of clock-work, and 
I so to break the circuit a given number of times, thereby 
[ giving the required signal. Portions of tbe edge of the 
I wheel are made of non-conducting material, and a metal- 
I lie spring, wliich forms part of the circuit, presses on tlie 
I edge of the wheel. ^Vhen, therefore, the insulated por- 
I tions pass under the spring the circuit is broken. It 
I "will be seen that by altering the relative number and 
I position of the non-conducting portions of the edge of 
I the wlieel any required specific arbitrary signal may be 
F given. 

I The circuit being tlius closed and broken by the re- 
volution of the wheel under the spring, th e armature of 
a relay is correspondingly attracted to and withdrawn 
from its magnet at tlie central office, and when falling 
back closes a local circuit and strikes the signal on a 

ibell, at the same time recording it on a register. The 
operator then repeats the signal to every required point 
in the system, and the alarm is given. In smaller 
places, although the operation of the boxes is the same, 
"the alarms when sent in are automatically made known 
to the proper parties and to the public by automatic re- 
peaters, which set in action bell-strikers at prearranged 
points. The attendance of an operator is thus rendered 

■ unnecessary. 
187. Describe briefly the District system of telegraphy. 
This system has been for several years a great con- 
Temence in our cities, and its electrical depai'tment is 
simplicity itself. 

The circuits, like those of the fire-telegraph, are metal. 
^K- lie, leaving one pole of the battery in the district office, 
^^k tunning to a number of boxes plnced at the residences 
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and places of business of subscribers, and returning by 
another route to the other pole of the battery at the 
office. The boxes are virtually small models of those 
used for lire service, and consist essentially of a me- 
tallic bi'eak-wheel and contact-spring, both of which 
form part of the circuit. When the wheel rotates the 
circuit is closed and broken, and the signal correspond- 
ingly given. Diiferent signals may be sent by the same 
box by different manipulation. For example, if a box 
eignal was 29, 29 once transmitted may signify that a 
messenger was wanted ; twice, a call for a policeman, 
and so on. The signals are given by the back stroke of 
a relay closing a local circuit, embracing a local battery- 
register and a single-stroke bell. The register recoi'ds 
the signal on its strip of paper, and it is simultaneously 
stmck on the bell. 

Each subscriber is represented in the office by tickets 
bearing his number, so that no time is lost in ascertain- 
ing from whom the signal is sent. The batteries used in 
this system are generally of the gravily form, and are 
not usually very large, as the entire external resistance 
is not great, the relay being the only electro-magnet at 
sll times in the circuit. If a line breaks, or disconnection 
from any cause takes place, the break is first localized, 
k iind until it can be repaired, a ground connection is at- 
Itached at the nearest box on each side of the trouble, so 
jftB to complete the circuit through the earth. If an ac- 
eidental connection with the ground should occur, or, as 
Wit is technically said, a ground appears on the wires, 
1 la at once tested for i>y grounding the circuit at the 
ijeffice, and ojiening or sending signals from vai-ioufi boxes 
1 the circuit. Each box between the office ground and 
he fault will, when operated, send in its signal, while 
Ithe boxes beyond the fault will not, they being short- 
f circuited or cut off by being between the fa nit and the 
^oiScti on the other side, so that neither the i-elay nor 
Bttery is in circuit with them. As soon as the ground 
localized, it should be removed, because if another 
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ground should appear tbe effect would be the same as 
that just indicated — that is, all stations between the two 
grounds would be cut out. 

128. What is usually the system of police telegraph f 

There is no system especially devoted to police inter- 
communication, each city possessing such a system 
using that which, in the eyes of its municipal authorities, 
appears to be the best. 

In New York a dial telegiaph, worked by a step-by- 
step motion, is employed, wherein a pointer or index- 
band travels round a dial marked with the letters of the 
alphabet and the cardinal numerals. Each time the cir- 
cuit is broken and closed the pointer advances one let- 
ter. This system is very pijpular, on account of the 
economy of maintenance and the ease with which it is 
worked. 

139. Describe in a general manner the system of the Exchange 
printing telegraplis. 

The Exchange printing telegraph is also essentially 
an American institution, and may now be said to be a 
necessity among the stock, cotton, and produce brokers 
of our large cities. The entire business has grown up 
since 1867, Anything of the nature of a complete his- 
tory of the business, or any details beyond a general 
description of its operation, would be out of place 
here. 

The quotations of the market prices of stocks, cotton, 
and produce are collected from the various exchanges 
and transmitted, from the office or central operating- 
room, ovfr a great number of wires to tlie offices of the 
subscribers. Infontiation regarding interesting events 
and general news of ttie day is also gathered and fur- 
nished by special circuits arranged for that purpose. In 
the place of business of each subscriber is a portable 
printing instrument which prints the communications 
in plain Roman type. Many styles of printing instru- 
ments have been tried, but they may be all resolved into 
two classes : first, those operated by the mechanical 
make and break of the circuit ; and, second, those ope- 
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rated by electrical pulsations of alternate positive and 
negative direction. 

An instrument of each cliaracter will heic oe briefly 
described. 

The most generally used instrument of the first claf^s, 
on account of its 8imi»licity of operation, is wliat is 
technically known as the "three-wire stock" instru- 
ment, which is, as its name indicates, operated by three 
distinct wires, one of which intiuences the alphabetical 
type-wheel, another the numerical type-wheel, and the 
third operating the press magnet and printing the quo- 
tations. The transDiitting device is alternately switched 
to the alphabet and figure wii-e ; and whenever the type- 
wheels are brought to the required letter or figure the 
press-wire is placed automatically in the battery circuit 
and the impression given. 

The wheels are operated by a step-by step propelling 
escapement, each one on its own arbor, on which is also 
fixed a star wheel, wliicb is advanced by a lever and pal- 
lets attached to the magnet armatures. 

The armature-levers are both retracted by strong 
springs, and the star wheels are so placed that each 
time tlie armatures are attracted the type-wheels are 
advanced one character, and each time they are with- 
drawn the wheels are advanced another cljaracter, so 
that work is done both by the charge and discharge 
of the magnets," Tlie press magnet, by special me- 
chanism, causes the strip of paper to advance a cer- 
tain distance after each impression, so as to be ready 
lor the next one. This instrument is much liked by 
the patrons, on account of the clear impressions and 
large type printed by it. 

The instruments of Ihe second class mentioned are, if 
possible, still more simple in construction, though a lit- 
tle more complex in principle, than the machine already 
described. They require but one line-wire, and the type- 
wheel prints both letters and figures, being made snffl- 

mtly large to contain both. The type-wheel axis is 
by a clock-train operated by a weight or spring, 
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" and is controlled by an escapement, A, attaclied to a po- 
larized armature. This latter vibrates on pivots between 
the opposite poles of two electromagnets, T T, placed m 
the same circuit, facing each other, and both working the 
same polarized armature. Instead of being vibrated by 
the alternate opening and closing of the circuit, it ia 
drawn from side to side by rapidly succeeding pulsa- 
tions of alternate polarity. That is to say, if one pulsa- 
tion is sent from the positive pole of the battery, the 
next is sent from the negative pole, and so on ; and each, 
pulsation permits the type- 
wheel to advance one charac- 
ter. A third magnet, P, with 
a much longer core than the 

' two already mentioned, ia also 
in circuit, and is provided 
with an armature, whose lever 
presses up the paper to the 
type wheel to print the im- 
pression. The rapidly altern- 
ating pulsations pass through 
this magnet, but its armature 
is not affected until a pause is : 
made, because the alternately 
opposite pulsations succeed 

■ eacli other so rapidly that the long magnet has not time 
to become charged sufficiently to attract its armature, 
which is kept against its back- stop by a stiff spring. 
When, however, a current of either direction is kept on 
the line longer than usual, the armature is instantly at- 
tracted and the printing performed. The movement for 
feeding the paper is also performed by the armature- 
lever of the printing magnet. This instrument prints 
very rapidly. Both styles of instrument are placed in 
any required niimber on a circuit, and any numbei' of 
circuits may, by relays or other contrivances, be ope- 
rated by one key-board and operator. 
Figure 54 is a diagram showing the principle of the 

[ Jatter instrument. 
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VOLTAIC CIECUITS, 

130. ^Vkai is an electrical circuits 

The entire path of the electrical current, including the 
battery itself and the conducting medium which unites 
its XK)le3. 
If we take a voltaic battery and connect its poles to- 
gether by a short wire, as in Figure 
55, tlie battery and connecting wii-e 
compose the circuit. If we take a 
battery, connect one pole to the eai-th 
and the other pole to a telegi-aph 
line-wire, say, one hundred miles in 
lenglh, with ten relays, and at the 
end of the one hundred miles con- 
nect the line-wire to the eartli, the 
^ battery, its earth-wire, the line-wire, 

the ten relays, and the earth itself compose the circuit, 
A circuit of which the enrth forms a part is called an 
earth circuit. One in which a return wire ia used, or of 
which the earth forms no part, is called a metallic circuit. 

131. Give a short kiatory of the use of .the earth as a part 
<tf the circuit. 

The discovery that the earth would serve as a con- 
ductor for the galvanic cun-ent ia usually attributed to 
Steinheil, who, in 1837 and 1838, was experimenting on 
a German railroad, with the view, if possible, of using 
the rails as telegraphic conductoi-s, and thereby dispens- 
ing with wire.s. He found that he could not sufficiently 
insulate the rails from each other ; he then used one insu- 
lated wire and rail, which proved to be a perfect success, 
the rail acting both as a ground and also as a direct con- 
.actor. And there is no doubt that to him is due the 
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credit of making and first applying this practical sug- 
gestion, wliich had two great immediate advantages — 
■viz., it halved the number of wires requisite, and on Jong 
lines doubled the strength of the working cun-ents. 

But it is remarkable that the previous experiments of 
physicists in completing electrical circuits had not before 
1837 been utilized, as it is a fact that as early as 1746 
Winekler, of Leipsic, used the river Pleisse to discharge 
Leyden jars. Le Monnier, of Paris, about the same 
date, made similar experiments. 

It was shown in 1747 by Watson that the earth could 
always be used as a part of the electric circuit, and his 
researches were verified both by Franklin and De Luc, 
Tbese were, however, all researches in frietional or high- 
tension electricity : but in 1803 Basse, of Hameln, estab- 
lished the fact that the earth could be used as a part 
of a voltaic circuit. His results were verified by Erman, 
of Prussia, and Aldini in Prance, and finally Soramer- 
ing and Schilling experimented to the same end and 
with the same results in 1811. 

The apparent neglect of electricians to utilize this valu- 
able fact must have been due to an erroneous idea 
which they had permitted to take possession of their 
minds, that the earth could not be employed as a com- 
mon return ; in ranch the same way that the early en- 
gineers fii-mly believed that the locomotive could not run 
on smooth rails, and that toothed racks and spur-wheels 
would be necessary. However, when the discovery was 
actually applied it was, and is still, justly regarded as 
one of the most important discoveries ever made in the 
art of electric telegraphy ; it is one which has largely 
contributed to the wonderful extension of telegraphic 
lines over the world. In long lines it is particularly 
valuable, as the resistance really offered by the earth 
and earth-plates is so small in proportion to that of the 
line that it may be regarded as practically nothing. 

The opinions of scientists differ as to the part the 
earth bears in the circuit, the older theory being that the 
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current leaving the battery flowed along the line, thence 

to earth, and back through the earth to the other pole of 
the battery. The newer one, briefly stated, is that tlie 
earth is the common reservoir of electricity, into which 
the cnrrent from the battery flows. But- whether the 
earth ia or is not, properly speaking, a part of the cir- 
cnit, the fact remains tliat it can be used as if it were, 
which is the most essential point. 

132. On tfhat conditions does tJie strength of current in a 
circuit depend t 

The strength of a current in any circuit depends upon 
the a^itivity of the electro-motice force and upon the re- 
sistance which the electricity has to overcome. 

If in a circuit of given electro-motive force and resist- 
ance we increase the electro-jnotive force, or if we de- 
crease the resistance, we increase the cnrrent strength. 
Conversely, if we diminish the electro-motive force or 
increase the resistance we reduce the current strength. 

It must be remembered that the resistance of a cir- 
cuit includes the resistance of the battery and the con- 
ducting wire ; also that the current strength is neces- 
sarily the same in every part of a circuit. The strength 
of current is measured or estimated by its power of de- 
flecting the magnetic needle, by its itower of electrolysis, 
by its power of heating a wii'e of given thickness and 
material, or by the intensity of magnetism produced by 
it in an electro-magnet. 

133. Hotv are batteries usiKilly arranged for telegraph lines f 
For telegraph lines the cells of a battery are nearly 
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always arranged in series — that is, connected one after 
the other, as in Figure 56, the zinc of one being joined 
to the copper of the next, and so on ; because the great- 
est effective force of any battery is developed when the 
total external resistance equals the internal resistance of 
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the battery, and, as it is generally out of tlie question to 
obtain such equality on telegrapli lines, it follows that 
the best arrangement of the elements of a battery is that 
which moat nearly approaches it. 

Haskins, in his work on the galvanometer, gives the 
following rule for proportioning a battery to telegraph 
lines: "Use two cups of Callaud battery for each hun- 
dred units of resistance in the circuit. For example, 
suppose a line 200 miles long, No. 9 wire, 20 ohms- 
to the mile. That is 4,000 ohms. Make the relays 
equal to it. For instance, 8 relays in circuit, 500 ohms 
eacli, which is also 4,000 ohms, making the total ex- 
ternal resistance 8,000 ohms. As for each lumdred 
ohms, then, we use two cups of battery, we divide 
the 8,000 by 50 and hnd the quotient to be 160, which 
is the number of cells required." 

It is very difficult to lay down any arbitrary rules for 
the proper proportionment of battery upon a circuit, as 
SO much is dependent upon the size of the line- wire, the 
insulation, the earth-wires, and even the location of the 
line. Experience ia the best guide in this matter, and 
the only one to be depended upon. 

As previously indicated, it is usual to place half the 
battery power of a line at each end, so as to reduce 
the effects of a possible esc:ipe. 

134. Are batteriea ever arranged differently from 
described above t 




Yes, they are sometimes connected side by side— that 
ia, all the zincs are connected together to form one nega- 
^_ tive pole, and all the coppers together to form one posi- 
^H tive pole, as shown in Figure 57. 
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Their electro-motive force is then no more than the 
electro-motive force of oae cell, while the internal resist- 
ance is that of one cell divided by the entire nnmber of 
cells, being, in fact, equal to one cell whose plates are as 
large as the combined plates of all the cells we have con- 
nected. In this arrangement the cells are connected to- 
gether to produce the largest amount of current through 
a circuit of very low resistance, 

133. Wliat rule is given for obtaining the greatest magnetic 
effect from a given battei-y t 

When the resistance of the coils of the electro-mag- 
net is equal to the resistance of the rest of the circuit — 
that is, of the conducting wire and battery— the magnetic 
force of the given battery is at its height. 

136. Can more than one telegraph eircuit be icorJced froi 
single battery t 

Yes ; when the Grove battery, which has a very low 
internal resistance and very little tendency to polarize, 
was in general use in tliis country, as many as forty and 
fifty lines have been worked from it ; and six or eight 
lines have been often worked by the carbon battery ; but 
the sulphate- of -copper batteries, which are now nniver- 
sally employed, have too high an internal resistance to 
allow of more than two or three wires being worked 
from them. For this reason, when short telegi-aph lines 
sire operated on closed battery circuits, one battery 
should never be made to supply more than three lines. 
The number of wires that can be worked in this man- 
ner, without interfering one with anotlier, depends en- 
tirely upon the proportion between the internal resist. 
ance of the battery and the joint resistance of all the 
circuits connected with it. To get good results from 
this arrangement the battery must have a very low 
resistance, and the lines worked from it must be ap- 
proximately equal in resistance and equally well in- 
sulated. 

Under these circumstances, when several long lines are 
connected with one common battery the strength of 
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current is about equal on each. The explanation of this 
is that though, for instance, six linHs of equal resistance 
are being supplied from one batteiy, and tlie current 
supplied by that battery is consequently divided among 
six condnctors, and might, therefore, be supposed to fur- 
nish each line with a current of but one-sixth the strength 
that a conductor worked singly from the bnttery would 
have, audi is not the case, owing to the fact that the ex- 
ternal rt-aistauce is diminished and is but one sixth of 
the resiatance of a single line ; or, we may s^ay, the sec- 
tional area of the conductor is increased six times, and 
conseqnentlj', we see by Ohm's law, which has already 
been considered, the strength of current from the battery 
is increased, so that the loss which arises from the divi- 
sion of the cii'cuit is balanced by the gain resulting from 
the increased cun-ent, due to the reduction of the ex- 
ternal resistance. The battery, however, will become ex- 
hausted sooner than if it had but one line connected. 

The foregoing facts may be familiarly illustrated as 
follows : A la.rge tank holding water has a pipe of an 
inch diameter leading out of it, through which the 
"water flows. Suppose now that two more pipes of the 
same diameter are inserted ; a current of water eqiial to 
that flowing through the first pipe will flow thiough 
■each of the other two pipes, because, though the water 
has to divide itself between three conductors, the con- 
ductive capacity is increased, and consequently the vol- 
ume of water flowing from the tank is increased, the final 
result being that the water in the tank is more quickly 
exhausted. 

Several very weighty objections are made to the fore- 
going practice. One is that a battery fault affects all 
the circuits connected with it; another is that in wet 
weather, owing to the decreased resistance of the lines, 
they are apt to interfere with each other ; and, in any 
case, there is no economy in working several lines from 
one battery, except in the matter of first cost of contain- 
ing jars and in the space occupied, because the con- 
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sumption of material is in exact proportion to the work 
done. 

137. la there any rule tliat may be depended upon for propor- 
tioning battery power for short lines upon which atgnalling ia 
effected by breaking aiui closing Vie circuit t 

No, there is no absolute rule that can be depended 
upon in all cases, as the strength of working current de- 
pends on several other conditions as much as on the 
battery. An imperfect ground-wire at the terminal sta- 
tion will often put so much resistance into the line as 
to destroy the efEect of a sufficiently large battery. The 
safest plan in operating short lines— for example, a line 
one mile in length with six instruments in circuit — is, 
after constructing tlie line, to allow five cells of gravity 
battery for the mile of line, and add one cell for each 
instrument in circuit, making eleven cells in all. Then 
let the total resistance of the electro-magnets be equal 
to the total resistance of the line and battery. 

If the line-wire is No. 13 gauge, and is built of galvan- 
ized iron, its resistance will be about 32 ohms, and the 
internal resistance of the battery, at 2 ohms per ceU, 
is 22 ohms, a total of 54 ohms. The combined resistance 

Iof all the electro-magnets should tlien be also 54 ohms ; 
but to make the figures even we will call the electro- 
magnets 10 ohms each. 
The current will now, if the line is well constructed, 
enable the magnets to attract their aimatures strongly. 
If it is not strong enough one or two cells may be add- 
B< 



one or two cells may be taken from 



B the strength of cur- 

rent in a given circuit should e-xtra cells 

be added in series or should they be added 

I in parallel circuit ? 

It is well when placing a battery 

on a circuit, if the required battery 

power be unknown, to try first a 

few cells in series, as in Figure 58 ; 

if these do not produce a current of sufficient strength. 
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add more and more cells in series either until the current 
is strong enough or until the resistance of the battery is 
double that of the line. If the latter, at this point 
divide tlie battery into two equal parts, joining the cells 
In pairs, as shown in 

Figure 59. That is, for ^-H 'I ' I ' I >" 

■example, if the total / 
nnmber be sixty, divide \ 
It into two complete bat- V^ i I , i ■ 

teries of thirty cells ' ' ' 

each, and set these side ^'^' "*' 

by side, uniting the zinc poles of both to form one nega- 
tive pole, and the copper poles of the two batteries to 
form the positive pole. For this special number of cells 
this arrangement will give a current of exactly the same 
strength as when the entire sixty cells were joined In 




PNow, to increase the current add in pairs, at each ad- 
dition adding one cell in series to each row. 

To increase the current more and more this method 
can be readily continued until the whole number of cells 

^ employed is such that if all were joined in series their 
'resistance would be six times the external resistance. 
When this point is reached, to increase the current still 
•more the whole nnm- 
ber will have to be 
divided up and con- 
I nected in three paml- 
■flel circuits (see Figure 
|p*60), after which addi- 
tions must be made in 
threes. The best re- 
sult in current from 
i a definite number of cells can always be attained by 
Vadopting this method. 

139. Are, the results of leorHiig more than one line from a mrt- 
B battery more advantageous in ehort linee than, in long once t 
No, the advantages are even less. This may be clearly 
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illustrated in the following manner : We will first sup- 
pose that a line similar to that described in answer 53 — 
that is, a line resistance of 32 ohms and an instrument 
tesistance of 60 ohms, making a total external resist- 
ance of 92 ohms — la satisfactorily operated by 11 cells of 
gravity battery. We will further assume that battery to 
have an electro-motive force of 11 volts and an internal 
resistance of 23 ohms ; the current on the line will, we 
see then, by Ohm's law, be .09) or nine-hundredths of 
an ampere. 

We then add two other lines of equal total resistance, 
and find the amount of current on each line to drop to 
.07, as, though the current developed from the battery 
is increased to .31, it has to be divided between three 
conductors or outlets, which gives a result as stated 
above, an amount of .07 each. Now, to bring the cur- 
rent on each line up to the normal strengtli of the first 
circuit — that is, .09— it will be found necessary to add 9 
cells of battery, nearly double the fii-st amount, which 
shows how little economy there is, even in space occu- 
pied, in working batteries on this plan. Every evil re- 
sult which long lines so worked develop is shown and 
intensified in short lines. 

140. What 18 meant by the expression "joint resistance^' f 
The term joint resistance means literally the resist- 
ances of two or more independent branches of a circuit 
considered and treated as one. Urns if a battery is 
already provided with one wire, and a second is 
added of equal resistance, a second rente is there- 
by provided for the current, and the result is ex- 
actly as if the first wire bad been taken off altogether 
and replaced by one of exactly double the weight 
per foot. If still another wire of the same resistance 
is added the joint resistance is now but one-third of 
the original wire, as the conductivity is increased three- 
fold. It follows natiirally that the resistance, which 
is the converse of conductivity, is lessened in the same 
proportion. 
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141. What 13 the rule for finding the joint resistance of tiua 
or more parallel circuits t 

When tlie resistances of all of the circuits are equal 
there are three formulas, either of which may be em- 
ployed : 

I<Vrsl. Divide the resistance of one wire by the 
number of wires. For example, 5 wires each have 
a resistance of 60 ohms ; to obtain the joint re- 
sistance of the 5 wires we divide the 60 by 5, and, 
the quotient being 12, 12 is the joint resistance re- 
quired. 

Second. If there are only two wires divide the pro- 
duct of the respective resistances by their sum. Thus, 
2 wires each have the same resistance, 60 ohms ; 60 mul- 
tiplied by 60 equals 3,600 ; 60 plus 60 is 120 ; then divid- 
ing 3,600 by 120, we have as a quotient 30 ohms, which is 
the required joint resistance. 

Third. Divide the sura of the resistances by the 
square of the number of tlie circuits. For example, 
circuits have a resistance of 60 ohms each. The sum of 
these resistances is of course 6 times 60, or 360. and the 
square of the number of circuits — that is, 6 multiplied 
by 6— is 36. Dividing 360 by 36, we find the result to 
be 10, which is obviously the joint resistance of tbe 6 
circuits. 

When the resistances of the circuits are unequal the 
following plan must be adopted : If only two wires, tli- 
vide the product of the resistances by their sum as 
above. 

If the combined resistance of more than two circuits 
be required, first find the joint resistance of any two of 
them ; then, considering this as one resistance, combine 
it with a third, and so on. For instance, three wires have 
respectively the following resistances: 200, 300, and 100 
ohms. First take two of them: 200 and 300 multiplied 
together is equal to 60,000 ; 200 plus 300 is 500 ; then 
II 60,000 divided by 500 gives as the joint resistance of 
k the first two wires 130 ohms. 
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Now, calling that one circuit, we multiply 120 by 100, 
the resistance of the third wire, finding the product to 
be 12,000 ; 120 added to 100 being 220, we now divide 
the 12,000 by 220, which gives us as a result 64 and a 
fraction for the joint resistance of the three circuits. 
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142. How may the conducting wires of telegraph lines be 
vlaasifled f 

They may be divided into tliiee great classes, viz., 
aerial, subaqueous, and subterranean wii-ea. The 
aerial lines may further be subdivided into those sup- 
ported on polea and those on house-top lixturea, the 
latter being chiefly emi^loyed in large cities. 

1^. Under what heads may all materials for the eofiMruc- 
iion of the line be classed— tlie line here a^td henceforth to be 
understood as the conductor, regarded apart from the battery 
•and instruments f 

In the construction of a line of telegraph all the ma- 
.terials employed may be comprised in one or the other 
of the following three heads : poles or other supports, 
■wires, and insulators. 

144. Give same details concerning the choice and setting of 
poles. 

The poles used in this country are chiefly of white or 
red ceiar or chestnut. Red cedar is the best, though 
the most unsightly, but chestnut is the moi^t frequently 
used, especially in the Atlantic and Middle States. 

Poles should in all cases, when cut down, be cleared 
■of all branches, stripped of their bark, shaved smooth, 
and then stacked for some time in such a manner that 
the air can freely circulate among them, so that they 
may be well seasoned. This is too often neglected, and 
poles are frequently set as soon as they are cut and 
trimmed. Very little is done for the preservation of 
poles used on American lines. The European telegraphs 
are far in advance of ours in this respect. In England 
the poles, before being set, are treated witli sohitions of 
1 metallic salts, which, being introduced into the pores of 
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the wood by different processes, combine with the sap 
and prevent decay. 

Poles shonid not be less than twenty-five feet long, 
nor less than five inches in diameter at the top. Their 
length mnst necessarily depend upon the number of 
wires they are to carry, but on the majority of trunk 
routes the length varies from twenty-five to forty-five 
i feet. Except when passing through cities or towns they 
I are rarely painted, although such a practice would con- 
duce to their longevity. 
They should be set at least five feet deep wherever 
I practicable. The hole they are set in should be kept as 
narrow as possible, and jjerpendicular at one side, so that 
the pole will at least bear against one side of solid earth. 
When the earth is replaced it should be well tamped 
down after each few shovels are put in the hole, and mode- 
rate-sized stones may be tamped in close to the pole. 

All the cross-arms required should be attached befure 

the pole is set, in order to save labor. The ordinary 

, practice is to place them all on one side of the pole. The 

I spaces cut for their reception on the side of the pole are 

'■ called gains. 

In some cases cross-aims are not used, but brackets are 
employed, which are spiked to the pole, some on one 
side and some on the other, preferably alternating in this 
respect. It is a frequent practice also to bore a hole in 
the end of the pole and insert a pin which will carry an 
insulator, so that one wire may be strung on the top of 
the pole. Whenever this is done an iron ring, a little 
smaller th:tn the top of the pole, slioukl be heated red- 
hot and slipped over the end of the pole after the pin is 
driven in, to prevent the smaller end from splitting. 

The distance between the poles varies with the nature 

of the ground and must be left to the judgment of the 

^L nonstructor. Bnt the number of poles to the mile will 

^Buverage about thirty, sometimes increasing to forty, and 

^^^Bmetimes, on a straight and level road, decreasing to 

iz.- ■■" 
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that the fewer supports there are, the better the insula- 
tion, as each pole forms a branch circuit (of high resist- 
ance, it is tme, bnt still a branch circuit) to the earth. 

In setting poles round a curve they should be made 
to lean back against the strain of the curve and should 
also be firmly guyed. 

145. Give information relating to the attachment of cross-arms. 
Cross-arms sliould be of white pine, W(?ll seasoned. 

They should also always be planed, bevelled off at the 
upper comers, and well painted. The length varies 
with tlie number of wires to be attached, while the or- 
dinary size of cross-section is four inches by five. In 
regular telegraph work the cross-arms are longer than 
in local or city lines. On a trunk line a cross-arm for 
two wires is about three feet long ; for four wires, five 
feet six inches ; and for six wires, seven feet six inches ; 
while the distance between the insulators from centre to 
centre is generally about twenty-two inches. 

No such magnitudes are used on short private tele- 
graph lines, the cross-arms being much shorter in pro- 
portion and the insulators placed much nearer together. 
The cross-arms are fastened to the poles with either a 
pair of stout spikes or with lag-screws or bolts and 
nuts. The latter mode is preferable. All cross-arms 
should be fitted with the pins and insulatora before the 
pole is set up. 

146. Describe the different supports in use for house-top lines, 
giving prc^Kirtions of the same. 

These supports, which are technically called Jixtures, 
are variously constructed, accordinn; to the character of 
the roof and locality where they are erected. They 
were, until within the last few years, of very simple 
construction and comparatively small size ; but since 
the introduction of the telephone exchange systems 
they have necessarily increased in size, and it is a mat- 
ter requiring some mechanical skill to maintain the beat 

^L proportions for strength and capacity. 

^fe Two general classes comprise the whole — wall and 
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roof fixtures. These, again, are made single or double, 
according to the number of wires they ai-e required to 
support. 




A roof fixture is one which is placed on tlie actual 
roof of a building. 

A wall fixture is spiked to the side-wall of a building 
'>r a party-wall. 

4. double roof fixture for telephone work should be 
<^ high, so as to clear all other wires. The upright 
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posts should be at least fifteen feet high and five inches 
square, the cross-bars fourteen feet long and four by 
five inches in thickness, and secured to the uprights by 
lag-screws. The upper cross-bar may be placed one foot 
from the top of the uprights, and the others eighteen 
inches apart. If but three are required instead of four, 
place them two feet apart. The insulators should be at 
least nine Inches from 
centre to centre. All 
screws entering the 
roof should be care- 
fully soldered over to 
prevent leaks. 

In many cases it is 
preferable, and some- 
times even necessary, 
to use wall fixtures, as 
they remove all danger 
of causing leaks in 
roofs and are eqi^ally 
serviceable where roofs 
are pitched as when 
they are flat. The de- 
tails of this fixture are, 
in general terms, the 
same as those of the 
roof fixture just de- 
scribed. The upright 
posts have a total 
length of twenty feet, 
fifteen feet of which 
stand above the top of 
the wall, and tlje re- 
maining five feet are 
used for fastening the structure to a piece of plank 
previously secured to the side of the wall. This plank 
should be five feet long, about ten inches wide, and two 

t ' 
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seven-inch spikes, and will then form a stibstantial base 
for the support of the structure carrying the wires. 
The upright posts and the cross-bars ai-e the same size, 
and are ari'auged in the same manner, as those of the 
roof fixture. 

Where not more than a dozen wires run in one direc- 
tion they may be supported by single fixtures with one, 
two, or three cross-arms. The general dh-ections given 
for doable fixtures of the same class may be applied 
with equal propriety, 
and either the roof or 
wall fixture may be 
used as occasion may 
demand. The usual 
length of single roof 
fixtures is about twelve 
feet, and the size of 
stock five by five inches. 
Angle-irons are at- 
tached by meaus of 
lag-screws to the foot 
of the upright and to 
the roof. The fixture 
is firmly braced on 
three of its sides by 
rods of one and one- 
eighth iron, hammered 
out at llie ends, and 
fastened to the upright 
and to the roof by lag- 
screws. The first cross- 
ami is twelve inches 
*^- "^ from the top of the up- 

right, and the second and tliird eighteen inches from 
centre to centre. The two middle insulators are usually 
twelve inches apart, each of the others nine inches, and 
? outside insulators three Inches from each end of the 





The same description applies equally to single waU 
fixtures, except, of course, the method of attachment, 
which is similar in every respect to that of the double 
wall fixture. 

The usual insulator employed in house-top work is the 
glass insulator, either pony or standai'd size. Hook in- 
sulators are undoubtedly preferable in every respect ex- 
cept cost. 

All fixtures, cross-arms, and boards should be of white 
pine and well painted. Spruce should never be used. 
House-top fixtures should invariably be thoroughly 
guyed against lateral strain. 

If the wires pass in a straight line with the fixture 
there should he two guys placed, one on each side of the 
fixture, to hold it against the side-pressure produced by 
the wind acting on the wires. In case a section on one 
side of a fixture is longer and heavier than the section 
on the other side, a guy should be fastened to the fix- 
ture to pull against the strain produced by the heaviest 
section. In case the line makes an angle at the fixture 
the guys should be disposed so as to pull against the 
strain. For guy-wire use No. 9 galvanized iron. In 
arranging all guys the general principle should be re- 
membered that the fixture will simply hold up the line, 
and the guys must be strong and taut enough to resist 
all lateral or diagonal strain. Fixtures should not be 
more than from one hundred and fifty to two hundred 
feet apart. Sometimes when a single line is to be run 
light iron attachments are made use of, such as tripods, 
which, as their name indicates, are three-footed fixtures 
of round iron carrying an insulator on the apex of the 
triangle caused by the union at the top of the three legs. 
Kidge-pole fixtures and chimney-irons are other forms 
of light attachments which are more or less useful for 
light work. 

147. WJtat is the use of insulators in telegraph or telephone 
~'iesf 

The use of insulators on aerial lines is to prevent the 
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loss of electricity at the points of snpport. They must, 
therefore, l>e made of some substance which is as nearly 
as possible a non-conductor. It is essential that the 
electricity should arrive at its destination as little di- 
minished in volume as jMissible, in oi-der that it may 
thorougidy and easily perform its office. To this end 
the conductor must be insulated at every point of sup- 
port, both from the earth and fn)m any other conduct- 
ing wire which may be on the same poles. 

The fact that some bodies offer very great resistance 
and that other bodies offer very little resistance to the 
passage of electricity has rendered the electric telegraph 
possible. As all substances conduct in a greater or less 
degree, there is always more or less leakage to earth, 
and the working value of a telegraph line is the diffe- 
rence between the resistance of tlie insulators and the 
resistance of the conductor. It is, therefore, obvious 
that the better the insulation the better will be the opeiti- 
tion of the line. When a wh-e is carried through damp 
places, underground, or through water, the insulation 
has to be continuous and the wire must be covered with 
india-rubber or gutta-percha. 

148 'iMiat are lecdcage-conductors, and how are tJiey applied 
to pole lines t 

Leakage is a terra applied to the escape of electricity 
from the wires in very small quantities. It is caused by 
imperfect insulation, which allows portions of the cur- 
rent to separate from its proper conductor and to divide 
itself between all the other roads to the ground, in pro- 
portion to their respective resistances. Tliese other 
roads are, first, the jwle ; and, second, the other wires, 
which are often of different lengths. So long as the 
current escapes to the earth no great harm is done, as 
the only effect is to weaken the signals ; but when it 
leaks into another wire it confuses the signals on the 
second line. The plan for remedying the trouble, first 
I "nggested by the English telegraph engineer Highton 
TRfiS, nnd subsequently' patented by Varley in the 
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United States, is to attach a thick wire to the polp, coil- 
ing the earth end iji a spiral under the foot of the pole, 
and continuing the wire till it projects above the top 
of the pole, tlins serving also as a lightning-conductor. 
Branch wires of a smaller gauge are then fastened to 
each earth-wire, and extended along the cross-arms to 
each insulator- pin, to which they are firmly attached. 
Any current then leaking from a wire will naturally- 
take the quickest way to the earth down the poles via. 
the eaitii -wires. This is most effective in preventing in- 
terference between wires when the earth-wire is attached 
to every pole. The earth- wires, however, do more liarm 
than good when tliey do not make a good earth connec- 
tion. A buiied plate soldered to the earth-wire makes 
the best earth. 

Within the last few years improvements have been 
made in leakage-conducting appliances, which have 
taken the shape of metallic sleeves or sockets, fitted 
in the holes of the cross-arras in wliicli the insulator-pins 
are inserted, and united with a continuous wire running 
from pole to pole and attached to the earth-wire of each. 
The English insulators, being generally fixed on metallic 
pins, do not need these metaJiic sockets. 

Considerable attention has of late been given to this 
point, owing to the rapid increase of telephone lines, 
whicit, with their extremely sensitive instruments, render 
electrical disturbances of any character ver)' evident. 

It is, however, still a question as to whether or not it 
is beneficial to apply these leakage- conductors to tele-; 
phone lines of more than ten miles in lenglh, on account 
of the increased electro -static capacity acquired by lines 
furnished with them. The capacity is greatly increased, 
since the earth, by means of the ground-wires, is brought 
quite near to thL' linrs ; and this incrense in capacity 
tends to retard the currents made use of in telephony, 
and causes the spoken words to run together, thus ren- 
dering the articulate sounds transmitted undistiugnish- 
able. 
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149. In choosing insulators what jioints should be considered 1 
In the choice of an insulator the following conditions 
should be taken into cousi(lera,tion : 

The surface between the point where the line-wire 

tonches and the substance of the pin-bracket oi" pole 

should be as long and also as narrow as can be attained. 

The material of which the insulator is comi>osed 

should be as jMirfect a non-conductor as possible. 

The insulator should be of such a form tliat its ex- 
terior surface will be tlioroughly washed by rain, yet 
that its interior surface shall not be reached by rain. 
It should have a surface which repels moisture. 
It should be strong enough to resist any strain likely 
to be brought to bear on it. 
It should be economical in first cost. 
There is, however, no insulator that combines all these 
virtaea, and the best way is to choose that which com- 
prises the majority of them. 
Hard rubber is one of the best insulators, but soon 
loses its surface and be- 
comes I'ough and sppngy 
when exposed to the 
weather. Glass, regarded 
simply as a non-conductor, 
is one of the best, but is 
objectionable from the fact 
that its surface has a great 
affinity for moisture and 
will be covered with amois^t 
film in nearly every state 
of the weather. It is, how- 
ever, both cheap and con- 
venient ; and these consid- 
erations, in this country, sc 
override all others that it 
is almost universally used. 
150. Di-n-i-ilic ntiiiu; of tlie bent or moat g&ierally employed 
insuiatws. 
The unprotected glass insulator, which is in almost 
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univtirsal use in this country, natumlly takes precedence 
with an American writer. It is generally made iu tlie 
form i-epresented by Figure 64. 

Tliough perhaps not so perfect an insulator in many 
respects as some others, its low price, more than fair in- 
Bulating properties, and convenience of attachment en- 
able it to maintain its place in the front rank. 

As now made it has a screw-thread on the inside, 
by which it is secured to its supporting bracket or pin. 
The under side below the screw swells out, and the con- 
cavity thus formed keeps always a certain amount of 
dry surface and prevents an 
escape in wet weather. The 
line-wire is passed alongside 
the groove suirounding the 
insulator near the top, a,nd is 
fastened with a tie-wire, which 
passes around the insulator, 
■while both of its ends are 
twisted around the line-wire. 

The glass insulator with a 
wooden covering is used to 
some little extent in the 
United States. It is shown 
in Figure 65, and has no 
particular features except 
those indicated by its name. 
It is to be objected to chief- 
ly because when an insula- 
tor becomes defective it is 
& very difficult matter to 
discover the defect ; and, 
moreover, it has been ascer- 
tained that when such insu- 
lators are used the percentage of leakage i 
tively high. 

Next comes the brown earthenware insulator, which 
is in general use in England. It is composed of two 
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separate cnpa, the smaller of wliich is fitted into the lar- 
ger, and is fastened by a cement consisting of equal 
parts of fine sand, cement, and plaster of Paris. The 
iron bolt is galvanized, and is fixed in tlie inner cup by 
another cement, wliich is composed of live pai'ts of clean 
sand, tliree parts ashes from a locomotive fire-box, and 
two parts pine resin. A groove is formed on the upper 
part of the insulator, and in this the line- wire is bound, 
in a manner similar to tlie glass insulator. 

It may be well here to state that sulphur is not a good 
insulator cement, as it 
splits the insulator, appa- 
rently by expansion. 

The Brooks insulator. 
Figure 66, is in many re- 
spects an excellent one, 
and gives very satisfac- 
tory results, especially in 
localities where insects are 
not too numerous. It 
consists of an iron wire- 
holding hook cemented 
into a blown glass bottle, 
which is inverted, so that 
the hook hangs down. 
The bottle is cemented 
into a cast-iron shell, which is either provided with an 
aim that screws into the pole, or, if to be placed on a 
cross-arm, is arranged with a projecting piece, whereby 
it may be inserted into a hole on the under side of tlie 
cross-arm, and locked by a pin which is passed through 
the cross-arm and engages the projecting piece. 
The remarkable insulating properties of this combina- 

ktion are due to two causes : first, the liberal use of paraf- 
fine, with which the cement is saturated ; and, second, 
the great i?ower of repelling moisture possessed by 
blown glass. 
I The ^t insulator which it is necessary to mention is 
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The last insulator which it is necessary to mention is 
the "rubber book." It is simply an iron hook whose 
shank is firmly fixed into a mass of hard rubber. A 
thread is cut on the rubber for screwing into cross-arms. 
Gn account of its great mechanical strength and con- 
venient form it is much used on short city lines. Its 
high price and the deterioration of its insulating quali- 
ties after a few years have prevented its extended use on 
long lines. 

151. What is usually the material of the conductor in aeriai 
lines f 

The materials of which aerial conductors are made 
are iron, copper, steel, and sereral kinds of bronze. 

Iron is largely used in telegraphy and shoi-t-line tel- 
ephony, because it is cheap, durable, has a not unreason. 
able resistance, and great tensile strength, and it should 
always be zinc coated. 

The best iron wire is made of charcoal iron, which, 
after being drawn, has a high degree of toughness. 

Steel wires are used to some extent for very short tele- 
graph and telephone over-house lines, where a high de- 
gree of conductivity is not essential ; their advantages 
are that they have considerable strength, that they 
permit of the employment of much lighter fixtures, 
and that householders are much more willing to allow 
a light wire than a heavy one to be attached to their 



Copper wire (hard drawn) is now also much used for 
long telegraph and telephone lines, and it is especially 
well adapted for the latter by reason of its low resist- 
ance and low self-induction. It can be made of con- 
siderable strength, and its employment in long-distance 
telephone lines is universal. 

153. What sines and bra?ids of wire are chiefly employed f 
For telegraph lines of medium length— ^for example, 
100 to 3()0 miles — wire of No. 8 or 9 Birmingham g»iige 
is generally employed. The size of No. 8 is .165 o" ^n 
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inch, its weight per mile about 385 pounds, and its re- 
sistance nearly IS ohnia per mile ; while 409 feet measure 
1 ohm in resiatanee. The size of No. 9 is about .148 of 
an inch, its weight per mile about 334 pounds, its resist- 
ance per mile 16.1 ohras, and 328 feet of it give a resist- 
ance of 1 ohm. 

For very long lines — for example, from New York to 
St. Louis or Chicago— Nos. 4 and 6 are used. The size 
of No. 4 is .238 of an inch, and of No. 6 .203 of an inch. 
The weight of No. 4 is about 887 pounds to the mile, 
and of No. 6 about C70 pounds. The resistance per mile 
of No. 4 is about 5J ohma, that of No. 6 about 8J ohms. 
For lines but a few miles long — in short, for any line less 
than 35 miles in length^Nos, 10 and 11 will answer very 
well, while for very short city lines, employed either as 
telegraph or telephone wires, Nos. 12 and 14 are as large 
as necessary. Their sizes and resistances vary as fol- 
lows : The size of No. 10 in mils, or thousandths of an 
inch, ia 134, No. 11 is 120, No. 12 is 109, and No. 14 is 
83. Their respective weights per mile are 249, 200, 165, 
and 95 pounds, and their respective resistances 19^, 24^, 
29J, and 51 ohms per mile. These figures are approxi- 
mately correct. They are necessarily modified, however, 
in each individual case by the different gauges in use by 
different manufacturers. 

The best brand of wire for telegraphic purposes is 
undoubtedly charcoal wire. It is now more used in 
France than anywhere else. " Extra-Best- Best," known 
commercially by the cabalistic symbols E. B. B., ia 
generally used in this country, and is a first-class quality 
of wire. 

The above refers altogether to iron wire. Copper wire 
of smaller size can be used with advantage. The sizes of 
copper wire used in telephony are respectively No. 13 
and No. 14, and in rare cases No. 11, of the Brown and 
Sharpe or American gauge. 

The resistances of these sizes are as follows : No. 11. 
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6.656 ohms; No. 12, 8.394 ohms; and No. 14, 13.680 
ohms per mile. By using copper wire of say No. 12 
size for telegraphy, the line can be worked as economi- 
cally as regards battery-power as though an iron wire of 
about six times the cross-section were employed. 

153. Save dny steps ieen taken toward the general introduction 
of an improved wire-gauge f if so, with what result f 

In view of the fact that the Birmingham wire-gauge, 
which nominally had been a standard, varied with every 
manufacturer, a new gauge was devised in England, 
adopted by the English Board of Tiade and legalized 
March 1, 1884. A copy of this gauge will be found in 
the appendix. 

This gauge, though formally endorsed by the National 
Telephone Exchange Association, September 8, 1885, has 
been but little used in the United States ; and consumers 
generally, in ordering wire, usually specify the diameter 
in thousandths of an inch. 

154. Should a large or small size gauge of wire be preferred for 
long lines f 

The longer a line the larger should be the gauge of 
wire used, as illustrated by the fact that on the short 
private lines so well known in cities Nos. 11, 12, and 14 
are generally used ; on telegraphs of ordinary length 
between commercial points Nos. 8 and 9 are commonly 
employed, and for the longest telegraph lines — such as 
those between New York and Chicago, and New York 
and St. Louia — Nos, 6 and 4 either are or should be used. 
The largest size used in England is No. 4, which is nearly 
a quarter of an inch in diameter. 

1155. What are the reasons for rising large wires for long lints f 
In the first place, the smaller the wire the more care is 
needed in insulation ; the smaller a line-wire is the less 
is its conducting power, and, necessarily, the greater is 
its resistance. In a line the current from a battery has a 
choice of routes, so to speak — either to traverse the line- 
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wire, thereby arriving at the distant point, or to leak to 
ground over each insulator and down each pole. A cer- 
tain amount of leakage does take place at every pole, 
and therefore the current does actually divide between 
the two routes in direct proportion to their respective 
conductivities. Although the amount of electricity 
which leaks off at one pole is inconsiderable, yet when 
We remember that there is an average of thirty poles to 
the mile, and possibly a great number of miles to the 
line, we see that the total amount of leakage is by no 
means inconsiderable. We. must further consider that 
tihe resistance of a line-wire increases in direct propor- 
tion to its length ; that is, if a wire lOO miles long has 
a resistance of 1,000 ohms, when extended to 200 miles 
long the resistance will be 2,000 ohms, provided the wire 
is kept the same size. The result is that every line, as it 
is made longer, decreases the resistance of its insulation 
by adding many more poles, at each of which there will 
be some leakage, while it also has the resistance of its 
proper conductor increased, because each mile of wire 
adds a mile of resiatauce. It is obvioiis, then, that to 
maintain the conductivity of the line at its proper 
standard we must increase its size and thereby keep its 
resistance down. We shall, by so doing, economize 
battery power, because reducing the line resistance prac- 
tically shortens the circuit. By using smaller batteries 
we gain incidentally another advantage — namely, the 
■decreased tension of the current, and consequently its 
.decreased ability to escape, or the greater ease with 
"which it may be inanlated. Another point in favor of 
large wires is that they are much more durable in pro- 
■ portion than small ones. 

156. WJiat sizes and qualities of wire are suitable for tdepTwjie 
'Jtnexi 

Any kind of wire that is suitable for telegraph lines is, 

:in the abstract, equally suitable for telephone lines, 

as a matter of economy in first cost and for ease in 
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manipulation ; it has, however, been found expedient 
oi'dinariiy not to use a larger wire than No. 12, galvan- 
ized iron. Where iron is stUl employed for long lines, 
such as those between cities, Nos. 8 and 9 are generally 
used. 

For short lines in positions where they are alone, and 
are not switched to others for through communication, a 
much smaller wire of steel can often profitably be em- 
ployed, for the following reasons : A small steel wire is 
as strong as a much larger iron wire. It is, therefore, 
very easy to handle while it is being strung, and this is 
quite a consideration. It is also a comparatively easy 
matter to obtain permission to erect a fixtni-e on a TOof 
where very light wires are employed, and, moreover, by 
using small wires induction is much diminished. On 
the other hand, the resistance of the conductor is greatly 
increased, both because that conductor is steel and be- 
cause a small wire is used. Insulation is thereby ren- 
dered proportionately difficult. These considerations 
cannot, however, outweigh the previous ones, because 
on such short lines as those we are speaking of — for ex- 
ample, from half a mile to a mile long — the resistance, 
at the greatest, is not so much as to render the line at all 
diflScult of insulation ; and, in the second place, no sen- 
sible difference is perceived in naing a telephone, even 
where the resistance is considerably increased. Further- 
more, so far as signalling is concerned, the recent prac- 
tice is decidedly to use magneto-electricity for signal- 
ling, and such cuiTents can never have any difficulty in 
doing a reasonable amount of work or in ringing a bell 
loudly over more miles of steel wire than can be required 
-within the limits of any American city. 

As already stated, copper wire is mpidly coming into 
use, and is admirably adapted for either long or short 
telephone lines. Light phosphor bronze wires are used 
■considerably on the Continent of Europe, and for some 
iurposes in the United States, especially for long span& 
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where a light wire is aaefiil. Its electrical resistance is 
higher than might have been expected. 

157. What ia meant by the term galranized wire? 

When we speak of galvanized wire we mean nothing 
more nor less than zinc-coated wire ; and the t^rm gal- 
vanization is entirely misapplied when so used. 

Telegraph wire is nearly always galvanized, in order 
to preserve it from destruction by the oxygen of the air. 
If not so protected the wire is eaten away by rust very 
rapidly. When properly applied the zinc coating is 
very effectual in preserving the iron wire from oxida- 
tion, and this it accomplishes in two ways : first, by 
acting as a mechanical covering and protection for the 
iron wire ; second, by its electrical qualities being more 
electro positive than iron — that is, having a greater 
affinity for oxygen than iron. When associated with it 
the iron is protected from the action of the oxygen at 
the expense of the zinc. But when the zinc is attacked 
by the atmospheric oxygen it is converted into oxide of 
zinc. This, not being soluble in water, remains on the 
wire, and so protects it from coiTosion. In the vicinity 
of places where much coal is biirned, however, the air 
is heavily charged with sulphurous acid gas ; this trans- 
forms the oxide of zinc into sulphate of zinc, which, 
being readily soluble in water, is washed away, leaving 
the iron unprotected. This is the reason that iron wire 
in the vicinity of large manufacturing towns so soon 
rusts away. K it can be done It is a very good plan to 
paint wires in such localities. Galvanizing is now per- 
formed in a much more effective and efficient manner 
than formerly, and, aa the wir^ is by the same process 
annealed, its mechanical qualities are left comparatively 
unimpaired ; still, the iron ia by the process made a 
little harder. 

168. What merJianical tests are tistiallp applied to teleffraph-tctre T 

Only two tests are generally applied in America to 
line-wii'e— namely, for diictility and tensile streiigtlh. 




iTie first is made by twisting short pieces of wire be- 
tween two vises ; the second by the direct application 
of weight. Two other testa are desirable and easily ap- 
plied. -As the value of these teats depends mainly npon 
the way they are applied, we will describe the four 
methods somewhat in detail. 

The first mechanical test which should be applied is 
so simple as to be within the means of every one, and is 
lov pUability. The wire should be capable of being bent 
four times to a right angle with itself, while held in 
a vise, without injury. The second test is to the same 
end and is equally easy of application. The wire should 
be capable of being wound around itself a certain num- 
ber of times without breaking. The third test is uni- 
versally employed, both by the Western Union Com- 
pany in this country and by the telegraph departments 
in the principal European countries, and, as previously 
indicated, if well performed this test is valuable ; if per- 
formed in a slovenly manner it counts for nothing. It is 
to subject a sample of the given wire to twisting, and 
also is a test for ductility. The piece of wire is placed 
between two vises six inches apart, and twisted ; the 
greater the number of twists that it will bear without 
splitting or breaking, the better is the ductility of the 
wire. The twists are reckoned by the spiral formed 
by a line drawn longitudinally along the wire with ink 
before the test. The number of the twists in wire of 
the same quality depends upon the size of the wire. 
For No, 9 it should not fall below fifteen twists in the 
six inches, or for No. 12 below seventeen. To give the 
test a proper degree of value the vise-jaws should not 
have sharp edges, or they will cut the wire and cause it 
to break close to the vise. The number of twists that 
any wire should bear varies (roughly) inversely with 
its diameter. That is, the number of twists that a wire 
will stand increases in the same proportion as its diam- 
eter decreases. The fourth test is for tensile strength. 
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The wire is required to carry a certain weight or resist 
a certain strain without breaking. This test is universal 
in its application. The requirement of the Western 
Union Company is that the wire must be capable of 
elongating fifteen per cent, without breaking, and that 
it must not break under a less strain than two and a 
half times its own weight per mile. This test is some- 
times made with a hydraulic machine, but oftener with 
a scale and weights. The last method is much to be 
preferred, beca.use in the former the additional strain 
is apt to be too rapidly applied, and the wire, not 
having time to stretch to the individual strain, will 
show a greater strength than it has. Using a scale 
or lever, the weights should be slowly applied and the 
wire given time to stretch. If the wire to be tested 
is to be suspended from a hook, it will not do to* 
fasten it with a twist splice, as such a splice will not 
stand the strain. The wire should be closely wound 
around the hook and the end brought down parallel 
to the wire, the two being then closely wrapped with 
binding-vFire. 

159. W/iat amount of stretching should good iron wire bear 
witliout breaking f 

In different countries different standards are given. 
For example, on the government telegraphs in England 
line- wire is required to be able to elongate eighteen per 
cent, before breaking. The Western Union Telegraph 
Company specifies that line-wire must be capable of a 
fifteen per cent, elongation. It is safe to say that any 
wire for telegraph purposes should at least be capable of 
stretching to the latter percentage. The breaking strain 
should be not less than two and a half times the weight 
of the wire per mile ; that is, if a mile of wire weighs 
two hundred pounds, and a piece of it is undergoing a 
test for strength by suspending weights fi'om it, the 
wire shoidd not break until the amount of weight reaches 
five hundred pounds. 



^ 




be reqiiiral to 

Electrical testa are more especially necessary when 
the wire Is to be used on long circuits. The electrical 
proireities of wire have been found to vaiy consider- 
ably, and frequently the strongest and most ductile 
wire, or that which tested mechanically is the best, 
when electrically tested is found to be much inferior for 
telegiuphic purposes to other wires by no means so good 
otherwise. 

The only t«st much used, however, is for resistance. 
The ordinary practice in this country is, when ordering 
wire, to stipulate that the resistance of the wire in ohms 
per mUe, at 60 degrees Fahr., must not exceed the quo- 
tient of the number 5,500 divided by the weight of the 
wire in pounds per mile. For example, if we order No. 
12 wire and assume the weight to be 165 pounds per 
mile, to find out what resistance we require we divide 
6,600 by 165. Finding the quotient to be 33J, we order 
No, 12 wire, 165 pounds to the mile and with a resist- 
ance not higher than 33J ohms per mile. Similarly, a 
wire. No. 9 — which we will call 325 pounds per mile — 
should have a resistance not greater than 6,500 divided 
by 325, viz., 16^ ohms. 

101. Does the resistance of wire vary with the temperature? 

Yes ; the resistance of all wires increases as the tem- 
perature rises, and the resistance of nearly all metala 
increases at the same rate, iron and thallium, accord- 
ing to Dr. Matthiesen, being the only exceptions. From 
the tables given by Latimer Clark we learn that the 
resistance of iron wire increases abont thirty-five hun- 
dredths (.35) per cent for each degree Fahrenheit, and 
that the resistance of copper increases, as the tempera- 
ture rises, twenty-one hundredths (.21) per cent, for 
each degree. 

The rate of increase is not reckoned all through on 
the original resistance, but is computed in the same 
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t maimer as compound interest on a sum of money. For 
I example, if we have a wire which measures 100 ohme 
at 60 degrees Fahrenheit, and the resistance be increased 
a certain amount by a rise of one degi-ee in temperature. 
It will be increiiaed by the next degi-ee of rise at the same 
rate per cent,, calculated on the original resistance, plus 
the amount increased by the first degree of rise. 

The diameter of any iron uiire being ginen, how viay the 
\ weight per mile be ascerfmnsd f 

If we know the diameter of any size of iron wire, in 
mils, or thousandths of an inch, we may find the weight 
per miTe by dividing the square of the diameter in mils 
by the constant number 73.15. 

For example, we have a No. 13 iron wire, and wish to 
find its weight per mile. It is, we will suppose, 109 
mils in diameter. The square of 109, or 109 multiplied 
by itself, is 11,881. Dividing this number, 11.881, by 
72.15, we find the quotient to be about 164^ pounds, 
which is the weight per mile. The weight of copper 
wire is found in the same way, substituting f)3.13 for the 
number 73.15. 

163. What is }nmnt by tJte killing of wire ? 
It is a term much used in England, where it is applied 
to the process of stretching the line-wire In a cold state 
before stringing it. The average amount of length 
gained by thus stretching should be two inches in every 
hundred. The puipose of the operation is not to in- 
crease the length of the wire, but it is that weak places, 
caused by bad joints, bad welds, or other imperfections, 
may be detected and the wire broken before it is strung ; 
avoiding thus the annoyance of subsequent breakage 
and the trouble and delay attending the necessary re- 
pairs. Not only are these weak places detected by this 
process, but the small bends and wrinkles existing in 
ordinary wire are straightened out, the wire is rendered 
less springy, more manageable, and has much less ten- 
dency to cross with other wires when acted on by the 
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■wind. The method of killing is by Mr. Cnlley described 
in the following words : " The wire should be laid out 
at the feet of the poles, drawn as tight as possible by 
ropea and blocks, and then pulled at the centre of its 
length, at a right angle, till it stretches. It will be 
found to have lost its spring and to lie on the ground as 
if it had been MUed.'" 

164. WTiat is to be uiiderstood when the dip of a line-u-ire m 
spoken off 

The dip of any telegraph line-wire is the sag between 
the poles ; that is, when a wire ia strung it is never 
pulled up perfectly tight between the poles, because if 
it were so strung it would break very easily from any 
cause. Consequently, between the poles the wire dips, 
or sags, down in a wide curve, whicli is deepest at the 
middle of the distance from pole to pole. 

165. Hmv ia tlie tension, or degree of tightness, toith which wires 
are strung regulated ? And is there any dip which is regarded as 
a standard ? 

In America there has been very little regular practice 
of this kind, and the only rule has been for every line 
foreman to do that which was right in hia own eyes ; 
and, in view of such a fact, the small amount of trouble 
that our lines give on the average is astonishing. It is, 
however, an obvious fact that Une-wii-es must be strung 
sufficiently tight to prevent crosses, and sufficiently slack 
to avoid breakage from slight causes or from any ordi- 
nary change in the temperature of the air. It has been 
asceilained by the British telegraph engineers that this 
happy medium is attained when the dip, with a tempera- 
ture of 60 degrees Fahrenheit, is twenty-four inches in 
a span of one hundred yards. This dip may, then, be 
approximately taken as a standard. 

166. When the distance between the poles varies, by what nde can 
the proper dip he ascertained, in order to maintain the wire at the 
same distatiee from the ground at tfie lowe^ point of each span ? 

The dip of any span of wire — that is, the actual per- 
I pendicnlar distance from the highest point of the span 
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to the lowest — varies, not in proportion to the distance 
between one pole and the next, but with the square of 
that distance. 

It adds much to the symmetrical appearance of a 
line, to say nothing of its superior o]>eration, when the 
tension is made uniform from pole to pole all through 
the line ; and this may be secured by remembering the 
statement given in the previous answer. We have 
already seen that 24 inches in a hundred yards may be 
taken as a standard, and we now see from the foregoing 
observations that the formula for finding any required 
dip must be : That the square of 100 bears the same 
proportion to the square of the length of the spaa under 
consideration as 24 does to the dip required in inches. 
If, then, we wish from this to ascertain the height of 
the supports on the poles, so as to keep the dip between 
the spans a uniform distance from the ground, all that 
we have to do is to add the amount of dip, which we 
have ascertained, to the distance which we have decided 
upon as the distance from the lowest point of each span 
to the ground, which gives as a result the height of pole 
support required. 

To reduce these rules to practice we illustrate by the 
following examples : We have a line, and the majority 
of the poles are 100 yards apart. Some spans, how- 
ever, are, from circumstances over which we have no 
control, 150 yards long, and one 200 yards long. It ia 
required to find the proper dip that should be allowed 
in the longer spans, so as to keep the wire at an even 
distance of 25 feet from the ground at the lowest point 
of each span. 

We do this as follows, keeping in mind the above for- 
mula: Finding that the square of 100 ia 10,000, and 
that the square of 150 is 22,500, by simple propoiHon it 
is readily ascertained that 10,000 is to 22,500 as 24 is to 
54 inches, or 4 feet and 6 inches. This, therefore, is the 
requisite dip for a span 150 yards long. Now, to find 




the height at which this span should be supiwrted at 
the poles, all we need do ia to add the 25 feet that we 
have stipulated for as the lowest point of the dip to the 
dip itself — 25 feet added to 4 feet 6 inches gives a height 
Lof 29 feet 6 inches, which must be the height of the 
llBsulator from the gi-ound. 

We now consider the span of 200 feet long, and pro- 
I eeed as before. The square of 100, that is, 10,000, bears 
[the same proportion to the square of 200, or 40,000, as 
|;24 bears to 96 inches, or 8 feet. Eight feet, therefore, 
nust be allowed in this case, and the supports made 33 
Jifeet from the ground. In these remarks it is not to be 
understood that an arbitrary standard of 34 inches dip 
in 100 yards is insisted upon ; but having already de- 
cided upon a standard dip, it is desired to show how to 
maintain that dip uniform. 
jb 167, What are the different styles of line-wire Joint or splice in 
^i^ianerat usef How are they made, and which is the be«tf 
^ The joint in general use in America is the common 
twist-joint. The Britannia joint is always used in Eln- 
gland, and a peculiar joint, in which both wire ends are 
twisted together round each other, is used in Prance. 
^A joint which should never, under any circumstances, be 
Fased anywhere is the so-called bell-hanger's joint. 

In describing how they are made we will take the last 
The bell-hanger's joint is made by simply hook- 
ing the two wires together and bending back the ends. 
Uo telegraph man using this, even as a makeshift, can 
hope for success in his business. 

The French joint is made by laying the ends to be 
spliced together for about six inches ; a particular form 
of hand-vise is then screwed to each end, and the two 
vises turned in opposite directions until the ends are 
completely wound on. 

The Britannia joint ia much praised by English writers, 
and, from its construction, must necessarily be an excel- 
lent joint. It is made by bending the extreme ends of 
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the wires short up with the pliers, pla<;ing the wires side 
by side, and then binding No, 16 wire tightly around 
them. The whole is then well soldered. Of course, 
before making the joint the ends are made perfectly 
clean and bright. 

Ttie American twist-joint is shown in Figure 67, and, 
though not a masterpiece of electrical engineering, will 
always maintain its popularity on accouatt of the ease 
and rapidity with which it is made. In making this 
joint, after cleaning the ends until a bright metallic sur- 
face is obtained, the ends are put together and each one 




in turn twisted ronnd the other, making the successive 
turns as close to each other and as nearly at right angles 
to the line as possible. Make four or five turns, then 
cut off the ends close to the splice. In the construction 
of a line nothing is more essential to its success than 
the perfection of its joints. Nothing like the attention 
that the subject deserves has been given to it in this 
country. 

Every joint should be soldered, whether between iron 
and iron or between iron and copjier, A single defec- 
tive joint will often exceed fifty miles of line in resist- 
ance. A case once fell within the writer's own experi- 
ence where a short local line, whose noi-mal resistance 
was less than 250 ohms, rose to 2,500 ohms. This resist- 
ance was located and found to be all in one point, 
between an iron and a copper wire ; the joint was un- 
soldered. 

When a chloride-of-zinc solution is used for soldering 
copper and iron, before leaving the joint it should be 
washed off. It is better, however, in such a case to use 
resin as a tlux. 




68. What ia the cause of the humming noise often heard where 
vnres are attached, and how may it be prevented f 

This noise, which ia frequently so loud aa to be very- 
annoying, especially to the inmates of houses over which 
the wires are run, is caused by the vibration of the wires 
under the infltienee of the wind, in the manner of an 
.^k>lian harp. It may be prevented in the following 
way : Two pieces of stout india-nibber tube, like that 
used for covering the rollers of wiinging-machines, are 
c(it about two inches long, and one is fastened at each 
ond of a piece of line-wire, four or five feet long, by 
passing the wire through it and twisting it back on 
itself. This piece of wire is then fastened at its centre 
to the insulator, as usual, by a tie-wire. The line- wire 
is then cut and an end fastened to each of the sections 
of hose by passing it round the outside of the piece of 
hose, and twisting. To preserve the continuity of the 
line a small iron or copper wire ia then connected and 
soldered to the two ends of the line beyond the rubber. 
The insertion of a piece of small-sized metallic chain in 
the line, provided with a continuity-preserving small 
wire, is also sometimes successfully adopted. Other 
remedies, all tending to the same end, are occasionally 
employed, the main object in each case being to prevent 
the vibration by interposing a damper. 

169. Sow should an aerial line be led into a way-station f 
There are several methods. In an ordinary telegraph 
line the usual way is to plant a pole directly in front of 
the window into which the wires are to enter, and run 
the wires from each side to a separate bracket and in- 
sulator, from thence looping them in. For short lines, 
such as those in cities, which are frequently house-top 
wires, a mode often adopted is to run the wire to a 
batten or counter-brace overhanging the eave, fasten it 
there to a hook insulator, and tlien drop it down to a 
block of wood, bevelled on one comer, which is spiked 
to the wall close to the window where an entrance is to 
be made. Another way is to divide the line by the in- 
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sertion of a non-conducting substance, such as a block 
or ring of glaas or rubber, and to attach the conducting 
wire to the main wire on both aidea of the insulator. To 
conduct the wires from the point where the line-wire 
terminates there are also various plans in use. If the 
line is not a new one, but is already in use, a cut-out 
must invariably be applied across the new loop until the 
job ia complete ; that is, the two wires of the loop must 
be connected by a short wire. The ordinary line-wire 
may be led into an office if a hard-rubber tube ia inaerted 
into the entering hole. The tube is fastened in the hole 
with ita outer end inclined down, so that no moisture 
can enter, and the wires then passed througli and fas- 
tened on the inside. Another way often used is to 
terminate the line-wire at the hook, or insulator, just 
outside the entering hole, by twisting it around the 
hook and then wrapping it back on itself. About four 
inches of the line-wire outside of the twist-joint are then 
brightened, and a piece of kerite or rubber-covered wire 
snipped at the end for about eight inches ; the bared 
wii-e is also made very bright, and is then, commencing 
at the lowest point, carefully and tightly wound around 
the brightened part of the line-wire. The covered wire 
is finally led thi-ough the hole in the window or wall and 
secured in any desirable way on the inside.* 

Sometimes, when many wires enter a building, a cupola 
is built for their reception. On entering they are led to 
bindlng-posta, from whence they are directed to any 
desirable point. 

This work of leading in wires is very important, as, if 
unskilfully or negligently performed, escapes are very 
likely to occur in or about the window-casing. 

170. How should an aerttil line bti led into a terminal offioe f 

Wliere many lines — either pole or house-top — are nu^ 

* It i3 well to imow that gutta-percha-coTeced wire is not suitSibie for" 
this kind ot work unless well covered with tape soaked in preserving mistuie 
coHsisting of wooil-tar, gas-tar, and slacked limo, because the Katta-p«niht> 
nn oxidized atid rendered useless \iy the actioa of the air. 
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a cnpola Is ft^uently used, into which the wires are led, 
as indicated above. 

Sometimes also they are terminated at a pole by wind- 
ing them back on themselves after being bound to the 
insulator. A plan often adopted in cities is to range 
a cross-bar outside the window where the wires are to 
enter, and screw a sufficient number of hook insulators 
into it, upon which the wires coming down from the 
fixture or pole are terminated by winding bcack. 

171. Are aerial wires ever carried in cables? 

Yes ; it is often desirable to run a number of wires 
over the same route for a short distance where the avail- 
able space is circumscribed. In such cases cables are 
very useful, and are employed by several of the city tele- 
phone companies of America. 

They will be still more universally employed in the 
future, as the number of wires is, owing to tbe rapid 
extension of telephonic communication, daily increas- 
ing. 

The idea of suspending light cables, containing a nom- 
ber of wires, in the air and over the liotise-tops, is due to 
Sir Charles Wheatstone, who suggested it some eighteen 
years ago. Cables containing as many as fifty wires 
have been in use in London for a long time, and are sus- 
pended by frequent hooks from No. 8 wires. Some of 
the principal telephone exchanges of the L'nited States 
have extensively adopted the use of the aerial cable and 
find it to be a great convenience. San Francisco and 
Pittsburgh were among the first cities to use such cables, 
but many are now to be found in Boston, New York, 
Cincinnati, and other places. 

173. Describe the coiuitriictioii iif the cables most frequently used 
in telephone work. 

A recent construction of telephone cable provides 
that whether intended for metallic circuit work or not, 
the enclosed conductors shall be laid up in twisted pairs. 
By following this plan, metallic circuits can whenever 
it becomes desirable be readily substituted for single- 
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wire circuits. A cable Jately recommended by telephonic 
authorities is described in the following specification : 

1. Conductors. 

Each conductor shall be .03589 inch in diameter (19 
B and S gauge) and have a conductivity of 98 p. c. of 
that of pure copper. 

Each conductor shall have a resistance not exceeding 
46 ohms for each mile of cable, after the cable is laid and 
connected to terminals. 

2. Thickness of Insulation. 

Each conductor shall be so insulated that 52 pairs of 
twisted condiictors shall form a core having a diam- 
eter not exceeding 1| inches, and such core shall be 
placed in a pipe having an internal diameter of not less 
than 1| inches. 

When cables containing a number of conductors other 
than 52 pairs are required, this same proportionate space 
per conductor and the same proportionate inside diam- 
eter of pipe must be allowed as a minimum. 



i Pairs. 

The conductors shall be so twisted la pairs that there 
shall be no inductive disturbance between the circuits. 

4. Outside Covering. 

The core shall be enclosed in a pipe made of an alloy 
of 97^ lead and 3^ tin. The pipe shall be free from 
holes or other defects, and of uniform thickness and 
compositioD. 

5. Electro-static Capacity. 

The average electi-o-statlc capacity shall not exceed 
.085 of a microfarad per mile, each wire being measured 
against all the others, and the sheath grounded ; the 
electro-static capacity of any wire so measured shall not 
exceed .090 of a microfarad per mile. 

In suspending overhead cables, lightning-arresters 
should carefully be applied at both ends ; and a fuse at 
the outer end. 
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173. Are covered tmres ever used on Tumse-top lines f 

Yes ; in cities, particularly between the centres of 
business, it becomes almost a necessity to employ cov- 
ered wires, on account of the great number of lines 
which cross and recross each other in every direction. 
In New York, for example, the Gold and Stock Tele- 
graph Company uses rubber-covered or kerite line-wire ; 
and many troubles of a minor character to which its 
lines would otherwise be peculiarly liable, by reason of 
the high tension currents employed on printing circuits, 
are thus prevented or rendered innocuous. 



CHAPTER Xm. 

SUBTERRANEAN AND SUBMARINE CONDUCTORS. 

174, What metal is ttsually preferred for the condiusting-wires 
in underground work, and what tnaterials are chiefly used in 
insulation f 

Copper has always been used as an underground tele- 
graph wire, to the exclusion of all other materials ; the 
most usual size is No. 18, covered with gutta-percha 
till it reaches the size of No. 7, B. W. G. In England 
these wires are wrapped with strong cotton tape satu- 
rated with Stockholm tar, and drawn into buried leaden 
or iron tubes. At suitable distances apart are laid test- 
ing and drawing-in boxes, into which the ends of the 
tubes project ; and by means of these boxes or chambers 
access may at any time be had to the wires, and all neces- 
sary repairs or changes made. Insulating materials of 
almost every description have been tried. Gutta-percha 
and india-rubber are, however, the principal materials 
used at the present day. The latter has, upon the whole, 
given the best results when it has been protected from 
air and insects. Kerite * has given satisfaction, and is 
much used in the United States. 

175. When was the first underground telegraph laid, and by 

xvhom ? 

The first underground telegraph line ever laid was 
that of Francis Ronalds, an English gentleman, in the 
year 1816. He invented a telegraph to be operated by 
synchronously moving dials in conjunction with static 

* Kerite is a compound of oxidized vegetable oils with tar or asphaltum, 

wliich is applied to the wire and afterwards vulcanized by sulphur and heat. 

Patented by Austin G. Day, October 9, 1866. 

184 
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electricity, and worked it over a wire iive hunditd and 
twenty-five feet long, which was laid in a trench dug 
in the earth for that purpose. The wire was placed iu 
tubes of thick glass, and these were laid in troughs of 
dry wood, two inches square, filled in with pitch. Ron- 
alds was a strenuous advocate, at that early day, of 
underground telegraphs. 

170. Are telegraph wires at present laid underground to any 
great extent .* 

Underground lines are extensively employed in some 
of the cities of England, and, as constructed, appear to 
work well. Several longer lines are also in use, notably 
one between Liverpool and Manchester, a distance of 
about thirty-six miles. More than one hundred miles 
of piping are laid down in England, containing over three 
thousand miles of wire. In Germany, also, there is an 
extensive underground system, which, instead of con- 
sisting, like the English lines, of a large number of wires 
laid in pipes, resembles a submarine telegraph : a num- 
ber of wires are formed into a cable, which is served 
■with tarred rope and armored with galvanized wire, after 
which it is laid In a trench under the public roads or 
highways, and the trench filled up with bitumen. In 
aome of the cities of the United States, also, underground 
telegraph wires are laid in pipes. Underground tele- 
graph vrires, however, cannot be worked at the speed 
that aerial lines are capable of, on account of the static 
induction existing between them and the earth, which ia 
greatly increased by their close proximity to the latter, 
And which tends to retard the signalling currents. 
177. Are underground lines suitable /or telephonic circuits f 
When properly laid in twisted pairs, and carefully 
encased, telephone circuits in citi^ may largely be 
placed underground. It is, however, evident, from the 
fact that telephone wires, even when comparatively a 
long distance apart, interfere seriously with each other 
by the development of induced currents and other dis- 
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tnrbing agencies, that such interfering influences would 
be considerably amplified in their strength and scope if 
the conducting wires were for a great distance placed as 
close to each other as would be necessary in an tinder- 
gronnd system. The near presence of the earth, more- 
over, exercises a retarding effect on the telephonic cur- 
rents, causing them to become indistinguishable when 
the length of the underground conductor is about twenty 
miles. A partial remedy for both of these annoyances 
is to arrange the conductors in metallic circuit, especially 
when the two wires of the circuit are twisted together. 
Other remedies have been proposed, and have met with 
more or less success, 

A great difficulty in the way is the enormous expense 
contingent on a first-class and thoroughly well-con- 
structed underground system, especially in a city-sys- 
tem of short lines which have to be tapped at many 
points. The expense, though, would be nearly all first 
conatruction, as, when once properly laid, the wires 
would be secure from the effects of wind and weather ; 
underground construction in cities, where practicable, is 
therefore to be advocated for its greater immunity from 
elemental disaster. In Paris, all the circuits have a 
metallic return, and are extended upon supports ar- 
ranged upon the walls of the city sewers, which are 
spacious subterranean vaults. 

It is now customary to arrange the telephone wires of 
American cities in cables — -for example, of lengths vary- 
ing from half a mile to a mile^and run these cables 
underground to a number of central points, such a» 
courtyards or areas surrounded by houses, from which 
central points they may readily be extended to the sur- 
rounding buildings. 

In 1882 the earliest systematic arrangement of sub- 
terranean telephone circuits was constructed and put in 
operation in Boston, Mass. 

It was undertaken by the American Bell Telephone 
Company, and the construction is upon the follow- 
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ing plan : Cables carrying multiple conductors are laid 
in iron tubea, which are embedded in the earth and 
extend in sections between a number of vanlts, cellars, 
or working chambers. The sevenil wires are brought 
out from theae cellars at vai-ious central jioints, and 
radiate to the different sub-stations which are adjacent 
to such central points. In the ijrosecution of this design 
a trench is excavated about four feet deep in tlie middle 
of the street, and is paved with a layer of common 
hydraulic cement live or six inches thick. Upon this 
bed is laid a number of three-inch wrought-iron pipes, 
jointed together by sleeve couplings, screwed on by 
means of gas-thread, each of the joints being served 
with red-lead arid thus made water-tight. A second 
thick layer of cement is then applied, and upon that a 
second layer of pipes is laid. The cement is then laid 
on and over the upper layer of pipes so as to embed the 
whole of them and cause them to be completely imper- 
Tious to moisture. At or ni^ar each street intersection a 
vault is built of brick, the bottom of which is deeper 
than the lowest point of the trench. The series of pipes 
from either side enter these vanlts, and in them the 
wires can be inter-connected, interchanged, and manipu- 
lated as may be found desirable. 

Two routes are led from the Central Telephone Office. 

The several vaults, in addition to being carefully and 
massively walled, are further protected from moisture 
by pouring hot pit«h between each course of brickwork 
and the surrounding eartli. As each pipe is laid a 
strong iron wire is threaded through it, so that when a 
line of pipe is complete between any two working vaults 
a continuous wire is also inside that pipe between the 
vanlts, and by attaching groups of insulated wires or 
cables to this threaded wire they can be drawn through 
from vault to vault. 

Iron, terra-cotta, or cement-lined pipes, have since 
then been much used as ducts ; and within these are 
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laid cables having a protecting sheath of lead tnixed 
with tin. 

The wires can be brought out by running lateral 
branches from the vaults into adjoining cellars or court- 
yai-ds, and from these run tubing of an ornamental char- 
acter up the side-walls of the surrounding buildings, 
and thus distribute the wires to their several termini. 
Another plan, and one likely to be adopted, is to erect 
a high hollow pole or column near the man-hole of the 
vault, run the wires up through this column, and from 
the top radiate them to their different destinations. 

In still other cases, it has been found possible to run 
lateral branches, exactly as in gas distribution, from the 
main duct, du-ectly into the cellar of the subscriber's 
station. 

There were at the beginning of 1891 as many as 54,690 
miles of telephone wire underground in the cities of the 
United States ; New York, Chicago, Boston, Brooklyn, 
Pittsburgh, Baltimore, and Washington having by far 
the larger amount 5 their respective amounts being in 
the above order. 

Many of these underground lines of course, as was 
expected, show quite perceptibly a sluggishness of oper- 
ation and a slight indistinctness in the reproduction of 
articulation, which is evidently due to retardation, and 
which becomes intensified when the lines are connected 
through the Central Office switchboard with a longer line. 

178. llVi((^ in meant bij the term rftanitition f 

Retardation is the technical temi given to a cer- 
tain sluggishness of action which is observed wlien elec- 
trical cnrrents are sent into long lines, particularly long 
I covered wires, such as underground wires or submarine 
I cables, because such wires are much nearer the earth 
• than overhead lines. It is caused by the inductive ac- 
tion which arises between the conductor and the earth. 

We have seen that an electrified body has an influence 

a all conducting bodies in ils immediate vicinity, caUB- 
[ them to exhibit signs of electrification. This is 
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case in point. The current sent into the contlncting- 
wire attracts by this induction, thraugh the insulating 
covering, an opposite electricity from the earth ; and this 
opposite electricity, in turn, attracts the current passing 
in the conductor, and tends to hold it where it happens 
to be — in short, to transform it from dynamic or current 
electricity to static or resting electricity. Thus we see 
that the first part of every current sent is, if we may so 
speak, held or detained by the cable to balance the in- 
duced opposing electricity of the earth, and it is not 
iintii Che condiic ting-surface of the wire is charged that 
any current can make its appeai'ance at the distant end. 
Signals aje thus delayed, and the delay experienced is 
called retardation. 

As overhead lines are so much further from the earth, 
they are much less troubled by electro-static induction 
and its effects, and it has been estimated that in this 
country the charge retained by an overhead line of fi-om 
thirty to fifty miles long is approximately equal to that 
of about one mile of ordinary submarine cable. 

179. How are tlie conductors in submarine cables ordinarily 
insulated f 

Only three substances have been found suitable as in- 
sulators for submarine cables — ^gutta-percha, india-rub- 
ber, and Hooper's material, which is india-rubber pecu- 
liarly treated. Of these gutta percha has been and is 
most frequently used, on account of its well-known dura- 
bility, being practically indestructible under water. It 
is not so good an insulator as india-rubber, and, inas- 
much as it loses considerable of its insulating power by 
heat, it is, in warm climates, to a great extent supersed- 
ed by india-rubber, especially that of Hooper. 

At least three layers of the insulating medium are 
always used and are necessary. The insiilation of ca- 
bles ordinarily improves after they are laid, all things 
being equal. The insulation, per knot, of the Atlantic 
cable of 1866, which is insulated with gutta-percha, is 
340,000,000 ohms ; that of the French cable of 1869, 
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from Brest to St. Pierre, insulated also with gutta-per- 
cha, is 235,000,000 ; while the cable laid in the Persian 
Gnlf in 1868, and insulated with Hooper's india-rubber, 
attained the wonderful insolation of 3,900 megohms per 
knot. Even this has since been exceeded by cables of 
later date, insulated with the same material. 

180. What is the general construction, of a submarine cable ? 

Submarine cables are usually constructed by embed- 
ding a certain number of copper conducting wires — 
which may be either single wires or a strand of sevei-al 
small wires — in a good insulating material, such as gut- 
ta-percha or Hooiier's india-rubber, applied in succes- 
sive coatings. This, again, for protection, is surround- 
ed with tailed hemp, and an armor, consisting of several 

^^s^_,„.^^ stiands of large iron wire, is wound 
-"^ ^ ' outbide of all. These iron wires, in 
several long deep-sea cables, are also 
[ covered with taiTed hemp. The Atlan- 

I ,^ tic cable of 186S, for example, which 

^ ^ IS shown in section in Figure 68, con- 

~^ ^^ tains a central conductor consisting of 

I fe, OB seven copper wires twisted together. 

This IS covered by four layers of gutta-percha, while be- 
tween each laj ei a compound is applied which not only 
aids the insulation, but tends to unite the gutta-percha 
layers with each other. This is known as Chatterton's 
compound. Its component parts are gutta-percha, resin, 
and wood-tar. This core is then covered with a layer 
of henjp in five strands, well served with a compound 
of Stockholm tar, pitch, linseed-oil, and beeswax. The 
whole is then covered by ten strands of charcoal -iron, 
each strand covered with hemp. Tims the copper wirn 
ia a conductor, the gntta-percha and Chatterton's com- 
pound being for insulation, and the hemp and iron wire 
for protection. 

181. Can the telephone be operated aucceasfully over long 
hmarinc cnblfs f- 

is recorded by Pu Moncel, in his work on the tele- 
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phone, that speech has been perfectly transmitted and 
reproduced between Guernsey, aji island in the English 
Channel, and Dartmouth, a town on the coaat of Devon- 
shire, a distance of sixty miles. W. H. Preece has also 
successfully conversed over the Dublin and Holyhead 
cable, a distance of sixty-seven miles. M. Herz, by his 
improved arrangement of circuits and telephones, is said 
to have conversed easily between a point on the French 
coast and Penzance ; and other electricians and experi- 
menters have communicated between Calais and Dover 
with more or less success. 

In 1889 the La Plata River was crossed by a telephone 
cable uniting the cities of Buenos Ayres and Monte- 
video ; and this cable was in circuit with overhead 
bronze wires, making the total length of line 186 miles. 

The most recent success in this branch of communica- 
tion, however, is the London and Paris line, completed 
in the early part of 1891. 

Thia 18, of course, composed of sections of land line at 
each end, and a channel cable uniting them. The French 
land line ia about 204 miles long, and is built of copper 
wire weighing about 600 lbs. to the mile. t 

The English land lines are 83 miles long, and weigh 
400 lbs. to the mile. 

The cable has four conductors, each composed of a 
etrand of seven copper wires, weighing 300 lbs, per knot. 
The dielectric is gutta-percha, weighing 300 lbs. per 
knot, and the length of each conductor is approximately 
21 knots. The telephone works well through the metallic 
circuits of thia line. 

Thus we see that for moderate distances the telephone 
can be operated over submarine cables, even though 
connected with land lines at both ends. But through 
long cables, it ia very doubtful whether commercially 
the telephone can ever be successfully operated, or rather 
whether a practical cable can ever be constructed to 
meet the peculiar conditions. 
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OFFICE-WIRES, AND FITTINGS AND INSTRUMENTS. 

182. What wire may be used in fitting up an o^ce, and how 
should it be attached to the walls or ceilivga I 

It is too frequently the practice with telegraph em- 
ployees in general to use No. 14 covered copper wire, and 
to stretch the wii-ea loosely in and along the ceiling in 
any way so as to get them in ; but it is as easy (and 
much more satisfactory when done) to do a job of wire- 
running in a tasteful as in a slovenly manner, although 
it requires great skill and experience to run the inside 
wires of a telegraph or telephone office in a manner both 
useful and ornanieiital. 

To do this it has been found in i)raclice that it is bet- 
ter to use braid-coated copper wire of a gauge not ex- 
ceeding No. 18. To have this wire colored often gives a 
very tasteful effect, especially when coloied ivd. But, 
in any case, No. 18 is sufficiently large to serve every 
practical purpose, while it is much easier to handle and 
gives a better general effect when strung. The wires 
when chosen should, if numerous, be strung through 
cleats of bhick walnut pierced with the required num- 
ber of holes, which should only be large enough to let 
the wire pass through easily. If more than fifty wires 
are to be put up it will often be found necessary to bore 
more than one row of holes and run the wire two or 
more tiers deep. Each cleat should be screwed to a 
base board of hard wood, which is to be screwed to the 
ceiling. This is to give a greater purchase to resist the 
strain of the wires when pulled tight. The wires should 
t-be secured with a half-hitch to the first cleat, and, when 

9sed through all of them, tightened up, so as to take 
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out all the slack, and anchored by another half hitch at 
the last cleat, which should be about two feet above the 
iwitch-board, if one is used. Instead of then bringing 
thein straight down to the switch it is better to coil 
them into loose spirals, as it adds to the general effect 
and also gives slack if any wire should break. If only 
two wires are to be aiTanged it is sometimes convenient 
to string them on opposite sides of a row of porcelain. 
knobs till tbey reach the instruments. 

Wliere extremely powerful currents are used— as, for 
example, those employed by the Gold and Stock Tele- 
graph Company— the office- wires need a much more ef- 
fectual insulation than paraffined cotton, and kerite or 
inibber covered is generally employed. In large West- 
ern Union offices the wires are usually secreted as much 
as possible. 

Close to the entering point of a building a light- 
ning- arreater should always be placed, which should be 
connected to a very efficient ground wire. Every wire 
entering the office ought to pass through the lightning- 
arrester. The lightning-arrester ground should never 
run to a lead pipe or to the same ground that other 
wires are led to. 

A favorite method which has lately been much em- 
ployed by telephonic constructors, and which is excel- 
nt, is to run the wires clear down to the switch-board 
In twenty-five or fifty wire cables. This gives a very 
clean and neat appearance to the office. It is a very 
good plan also to keep the wires out of sight altogether, 
which may be done by ranging them in troughs along 
the floor and bringing everj^ wire to the switch-board at , 
its rear. 

18S. Bote should a ground-wire he conetriKted in order to in- 

[..aure efficiency f 

Three distinct services are required of the gronnd-wire 

I in practical work — namely, to act as the terminal of 

I main lines, to attach to lightning-arresters, and to use 

f for testing purposes. 



I 



4 



I 



194 ELECTUICITY, MAGNETISM, AITD TELEGHAPHT. 

In a well-appointed office three separate wires ^111 be 
used, one devoted to eacli of these purposes, and all run- 
ning to earth at different points. 

2bo mwclb attention can never he gvBen to this all-im- 
portant subject. It is, indeed, the groundwork or basis 
of all telegraph or telephone line-construction, and it 
may be broadly stated that no matter how well a wire 
may be strung, or how perfectly the instruments and 
batteries are connected, if the teiininal grounds be im- 
jrerfecC the working will also be imperfect. 

No better ground can be secured than the iron water- 
pipe of a town or city, and this should, if possible, 
always be secured. An iron gas-pipe will, however, 
serve a very good purpose, provided the connection be 
made outside of the meter ; this precaution is necessary 
because the meter is sometimes removed, and because 
the joints of gas-pipe are fi'equently made in red ajid 
-white lead, which substances are non-conductors. In the 
"Case of water-pipes the water inside aids the pipe in its 
■conducting powers. If neitlier water nor gas pipes can 
be found, a plate of metal, not less than two feet square, 
may be provided, the metal either being tinned or gal- 
vanized iron or copper. This should be buried edgewise 
in ground which is always damp, and the ground-wire 
attached to it by riveting and soldering. We have 
"known good ground-wires being fonned by attaching 
wires to a piiie of a steam-heater, first brightening the 
pipe. If both water and gas pipes are at hand the 
ground- wire should be securely attached to both, so 
that if one be cut or broken the other will remain to 
preserve the continuity of the line. Lead gas-pipes 
should never be employed ; they are dangerous. A dis- 
charge of liglitning has been known to melt a lead gas- 
pipe attached to a ground-wire and to set fire to tlifll 
escaping gas. 

We are aware that it has been common to ridicule thi 
idea of insulating the ground-wire; it is neverthelew! 
true that a terminal ground should always be insulated^ 
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Tliia 13 both to protect it and to keep the battery current 
uniformly at the same strength. If a gi'ound-wire be 
nut insulated it is likely to corrode at any point at 
which it may tind earth between the main ground and 
the battery. 

To make an excellent connection about six feet of 
bright, bare copper wire should be taken, about No. 
16 or 18 gauge ; the gas or water pipe having been filed 
clean for a length of about three inches, the wire should 
be carefully, tightly, and regularly wound round, and as 
the end of the wire approaches it should be interwoven 
among the convolutions and drawn tight ; when about 
eight inches is left unwound it should be well spliced 
to the insulated wire leading from the instruments and 
line. 

Both splice and coils should then be soldered. A 
clamp is in some eases used, but it is not to he recom- 
mended, as screws generally work loose in some mys- 
terious manner. In offices where many wires centre — 
ior example, the central office of a telephone system — 
it is desirable that as many independent ground-wires 
ahonld be constructed as can be readily done. 

For lightning-arrester grounds a very large wire 
should be run directly from the ligh In ing- arrester to 
earth, at the nearest convenient point, and connected 
in the way already described. 

Testing grounds may generally be constructed in the 
fiame manner. It is under this head tliat the ground- 
wires of a way telegraph -office come. For such an of- 
fice it is well enough to use the same wire also as a light- 
ning-arrester ground. 

It may be remarked that every telegraph engineer 
must have noticed the extreme difficulty of making a 
good earth-connection when wanted, and the perverse fa- 
cility with which a ground will come on a line when it is 
not wanted. In short lines care must be taken to have 
the earth-plate or pipe of the same metal at both ends, 
<yr a current will be set up, arising from the action 
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of the damp eartli on tlie two dissimilar metals when 
anited by a ronductor. It is well to dispense witli an 
eartli return altogether in exiremely short lines, using 
a wire so as to form a metallic circuit. 

184. What is the best arrangement of irtBtniinenta in a tele- 
graph office operated on the ordiiiari/ Morse system .* 

In an ordinary way-ofEce the apparatus consists of the 
following instruments : a relai/ and kep in the main-line 
circuit, a sounder or register and local battery in the 
local circuit, and a switch and lightning-arrester ; the 
latter is often combined with the former. 

The switch, or, if tliere is none, the ctit-out, is placed 
on the wall and the office-wires led to it. If it is a 
Western Union pin-switch the leading-in wires are led 
to the binding-posts connected to the upiight metallic 
bars, where they remain open until the pins are inserted. 
Two other wii-es, called the instinment- wires, are led, 
from the side binding screws, under the table ; and after 
the relay, sounder or register, and key are placed in 
position, holes are bored through the table near to the 
main-line binding-posts of the relay (these are usually 
placed at the right-hand end of the relay) ; the key is 
then fixed in place, holes being bored throngh the table 
for its legs, and the wire connected. The order of the 
instruments is indifferent ; that is, it does not matter 
which comes tirst or last. One of the main wires is led 
to one leg of the key, and there fastened to it, A short 
wire is run from the other leg of the key to one of the: 
relay binding- posts. The other main wire is then con- 
nected to tlie remaining relay binding-screw, and the 
miiin circuit is complete, the order being as follows ; 
line wire, key, relay, line wire. The pegs are now in- 
serted in the switch. The local circuit includes the lo- 
cal battery, the relay-points, and the sounder, or re^s- 
ter, and is run as follows : After setting up the local 
battery, which usually consists of two cells, run a wire 
from one pole, say the copper, to one of the bindinj 
Kcrews of the sounder, which, like the relay, has hofi 
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bored near it ; then another wire from the otlier sounder- 
sci'ew to one of the local screws of the relay (these are 
usually at the left-liand end of the instrument), and a 
tliii'd wire from the other relay local screw to the other 
pole of the battery. It is perhaps almost unnecessary 
to say that these otfice connections must always be made 
with covered wire, and particular care should be taken 
to keep all screws tight. 

The sounder, or register, is most conveniently placed 
near the centre of the table, and if a register is used 
the pajier-reels should be fixed one at each end — one to 
deliver the paper to the register and the other to receive 
the paper as it conies from the register ; the relay is pre- 
ferably placed at the left of the register, and at the rear 
of the table, while the key is placed at the right, also at 
the rear of the table, so that an operator, when sending, 
lias the breadth of the table whereon to rest his arm. A 
terminal station is arranged on the same principle, but, 
as only oue wire comes in for each line, the other end 
goes to the main battery and ground. For example, 
the wire enteiing the office is led to the switch-board, 
thence to the relay, thence to the key, after which it is 
carried to the battery, and the other pole of the battery 
is connected to the ground. 

186. What is a awitch-boai-d t 

It is a piece of apparatus adapted for the convenient 
and easy cross-connection or interchange of ciicnits. It 
is made use of almost universally in telegraph offices 
where there are more than one wire. By its use differ- 
ent circuits are connected together, circuits are divided, 
testing operations are can-ied on, batteries are readily 
connected, disconnected, or changed, and the wires are 
connected to any desired instruments. The varieties of 
Kwitch-boards are very numerous, but they are nearly 
all constructed on essentially the same principle. This 
principle is embodied in the universal, switch, which 
is, briefly, a frnnie or base-bogid-fltjiard wood or some 
saitable non-conductin^^llSidrfMl, 'i)a vhich are fixed 
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two seta of metallic condacting strips, bars or wires, 
crossing each other at right angles, but completely in- 
sulated from each other, and means for connecting any 
conductor of one set with any c<.inductor of the other. 
The chief difference between the nnnierons forms of 
switch-board is in the methods adopted of making such 
connection. 

The most familiar awitcli-board in this country is the 
standard Western Union pin-switcU, which is shown in 
Figure 69, and which is almost too well known to re- 
quire description. 

On the fiont of the board are placed any required 
number of vertical bi-ass bars in pairs. Between each 
pair of these upright bars is placed a row of brass discs, 
while all the di^cs on each separate horizontal line are 
metallically connected by means of a copper wire, thus 
representing the horizontal senes of the bars, the verti- 
cal brass bars being the opposite series. Each disc has 
a semicircular hole cut in its edge at each side, and 
each bar has the corresponding semicircle cut opposite 
the hole in the disc, so that a metallic plug put in any 
of the holes presses against both the u|jright and cross- 
bar, thus making the connection. In telegi-aphic prac- 
tice the incoming wire is led to the binding-screw con- 
nected to one of the upright bars — for example, No. 1 
— and the outgoing wire connected to No. 2, and so on, 
until all the wires are provided for. The instruments 
are similarly connected to the binding-screws of the 
horizontal bars, or the wire and discs representing the 
same. It is, then, obvious that to connect any line with 
any instrument all there is to do is to put in plugs at 
the point of intersection. For instance, if No. 1 line is 
to be connected to No. 1 instrument, we put a plug in 
the intersecting hole between tlie first upright bar and 
the drat disc, and jmother in the hole between the 
second upright bar and the disc immediately below the 
first one, or the second one down the column. In this 
■lass of switch-board the lightni ilg-arrester is usually 
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placed at the top, m the shape of a brass bar connected 
to a ground-wiie, and placed horizontally across all the 
upright or line bars, as close as possible to them with- 
out touching. This can also be used as a testing ground 
by means of two pin-holes drilled through it and through 
the edge of the upright bars on each side. To put on a 
ground a pin must be inserted on the r 
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In the fignre line 1 is shown connected with its in- 
struments by means of two plugs inserted between the 
upright bars and the discs; line 2 is similarly con- 
nected with its own instrument, and line 3, in addition 
to being connected with its instniments, is grounded 
by the insertion of a plug in the upper right-hand 
hole. 

When such a switch is used for telephone service the 
horizontal bars are chiefly used as connecting strips be- 
tween any two circuits, and in tliat case each line is at- 
tached to only one vertical strip, thence to instruments 
and ground. 

Since the introduction of the telephone the impor- 
tance of tlie switch-board has greatly increased, and 
many improvements have been invented, chiefly relating 
to the modes of connection and manipulation. 




1 



200 ELECTEICITY, MAGNETISM, AND TELEGKAPHY. 

186. Describe briefly other switches in use. 
Many small switches or circuit-changers are nsed for 
cut-outs, gi'otmd-awitches, battery-switches, and kindred 
purposes. They are usually either plug or button 
switches. 

The plug-switch is simply two or more brass plates 
with holes drilled between them, so that by the inser- 
tion of a meta! plug any two or more plates, with the 
circuits attached to them, may be connected together. 
The button-switch, as shown in Figure 70, consists 
of a lever, A, pivoted at one end to 
a screw, to whicli the main-circuit 
wire is attached, and of any re- 
quired number of buttons, or con- 
tact-points, as B, C, each connected 
to a screw and branch wire below 
the base- board, and to any of whicli 
the lever may be swung, thus con- 
necting the circuit to the branch, 
required. 
Several such levers may be connected together by an 
insulated cross-bar and worked by the same movement ; 
these are called compound switches. Special forms of 
switch are also used in connection with telephones 
these are popularly known by the names of secrecy and 
automatic switches. Tlie first of these was devised on 
the baseless theory that every person would be on the 
lookout to listen to the conversation of others, and is 
■designed to obviate such occun'ences. It consists in 
■devices whereby a telephoner, by turning a lever or a 
hook, opens or breaks the line in the direction In which 
lie is not about to converse, and at the same time 
connects a temporary ground, completing the circuit 
throngh his telephone in the direction in whicli he does 
intend to convei'se. 

The automatic switch is one in which the removal 
of the telephone changes the circuit from the alarm to 
the telephone, and is in geuei-al use. The ininciple 
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clearly represented by Fignre 71, in which, when tlie 
telephone is in its place on the hook, the line is connect- 
ed throogh the signal-bell, but when the telephone is 
removed from the hook the latter Hies up under the in- 
fluence of the retracting spring and connects the line to 
the telephone bmnch. 




Fig. 71. 

1B7. What is Tneant when ve speak of a loop 1 
A loop is the technical name applied to a wire which 
branches out from the main circuit to some other point 
{such, for instance, as a branch office), and returns to the 
main line again at or near the same point at which it left 
it. Loops may be either permanently connected to the 
main line — as when a town is situated a mile or two one 
side of the main line, and the line-wire is led from the 
main line to the town and back again to the main line 
on the same poles — or they may be so an-anged as to be 
included in the circuit of any desired line. This is usu- 
ally the case when the loop starts from an office. It 
is then led from the switch-board and can easily be 
switched into any circuit. 

. What is a lightning-arrester f 
It is an apparatus designed to protect telegraph offices 
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and their instninients and inmates from injury by atmos- 
pheric electricity, which, when it chai-ges the line-wires, 
follows tliera into the offices during lightning storms. If 
unprotected the fine wire coils would often be burned 
and the operators might also be injured, fatally or other- 
wise. The principle on which nearly all lightning-ar- 
resters are made is that lightning, being the discharge of 
electricity of very high tension or electro-motive force, 
will take a short route, even of liigh resistance, in prefer- 
ence to a longer one of much better conductivity, it» 
chief object being apparently to get to the ground by 




the quickest possible way. nn matter how difficult that 
way may be. It will, therefore, leap over an interven- 
ing air-space, or force its way through a resistance that 
acts perfectly well as an insulator to the voltaic current, 
which is of much lower tension. Depending iipon this 
principle, lightning-arrestera are frequently made by 
connecting each wire, as it enters the office, to a screw 
with a sharp point, and adjusting the shai-p-pointed 
screws connected with all the wires as close as pnssibla 
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to, without allowing them to touch, a metal plate, which 
must be coimectecl tu the ground-wire. As there is such 
a short distance between the points and the plate, the 
lightning, when it enters, jumps over the space and es- 
capes to the ground. A lightning-arrester embodying 
this principle is shown in Figure 73, A and B being the 
line-wires, which, as shown, are attaclied to segmental 
metal plates ; C and D are wires leading from the plates 
to the instruments, and G is a wire leading from the 
central heart-shaped plate to the ground. 

Another arrester, much used in country ofl5ces, is 
made by placing two brass plates, connected to the lines, 
upon a larger brass plate connected to the ground, and 
separating them only by a very thin sheet of non-con- 
ducting niatei-ial — paper is the most frequently used. 
Such an appliance is shown in Figure 73. 



Ffg IB. 

Now, whMi lightning strikes the wires and enters the 
oifiees it forces its way through the insulating material 
to the ground-plate below, thus effecting its escape. The 
lightning-arrester must invariably be placed between all 
the other apparatus and the line, so that any charge of 
atmospheric electricity coming in on the wares may be 
afforded every facility to pass to earfb before amving at 
the electro- magnets of the instruments. 

189. Wliat is a uat-out, and what kind is preferable for a 
way'Station f 

A cut-out is a switch or circuit-changing device used 
in telegraph offices for the purpose of disconnecting the 



• 
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iiistriiments from the line, leaving, at the same time, the 
line perfect and continuous, so that messages can be sent 
and received by the offices on either side of the station 
whose instruments are cut out. They are of two general 
classes. First, those in which the instruments are merely 
short-circuited ; that is, a shorter paih is given for the 
current than the route through the relay, by connecting 
the incoming and outgoing lines by a button or plug. 
Secondly, those in which the instruments are totally dis- 
connected fi-om the line ; that is, when cut out, no metal- 
lic connection is left between the line and instruments. 
The latter is by far the moat i)refei-able, as it removes 
the instruments from all possibility of danger from at- 
mospheric electricity. Where the Western Union pin- 
switch is used the instruments may be cut out at night, 
or, when leaving the office temporarily, by connecting the 
two upright bars by one or more extra pins or plugs, leav- 
ing the two pins connecting the instrument-loop in place. 
Wlien so arranged the loop to the instruments con- 
nected with the cross-strips or discs is short-circuited. 
This is a type of the iirst class mentioned. It may, how- 
ever, be converted to a cut-out of the second class by 
simply placing both of the pins connecting the instru- 
ment-loop to the upright on the same disc, thus making 
a short-circuit in and out of the 
office, and at the same time 
opening the wire leading to the 
instrument. A simple form is 
shown in Figure 74 ; the line wires 
entering are connected to the 
, terminals, L, and the instrument 
wires are connected with the 
binding-screws, B, B. When the 
metal bai-s, S S, are swung on the terminals, B, the 
circuit includes tlie instruments ; when both bars are 
turned on the middle plate, C, the instruments are cut 
out, and the circuit is completed tlirough the plate, C. 
Tlie most popular and universally employed cut-out 
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ior way-offices where there are but one or two wires is 
the plug and spring-jack cut-oat. The ping is a double 
wedge made of two pieces of brass, separated by a thin 
layer of insulating material. 

The spi'ing-jack, as shown in Figure 75, consists of a 
brass spring brought very firmly against a stationary 
pin, the spring 
being perman- 
ently connected 
with one line- 
wire and thii 
pin with the 
other. Each of 
the two brass 
pieces compos- 
ing the wedge 

is attached by a flexible conductor to one of the instru- 
ment-wires, so that the two t<:)gether form actually a loop 
that can at will be inserted into a spring- jack, which is 
always in the line-circuit. 

190. What is a spring-jack ? 

It is an arrangement for readily inserting any loop 
into a line-circuit, and is operated in conjunction with a 
wedge- connector. 

It was invented first by Messrs. Cooke and Wheatstone, 
and patented by them for use in tlieir needle-telegraph 
system as early as 1837. In 1855 it was adapted for use 
in connection with switch -boards, considerably modified 
in form and improved by G. F. Milliken, of Boston, who 
also employed it as a cut-out. The two line-wires are 
run to two binding-screws at the top of a base-board, 
and from these are connected, by means of small wires 
below the board, one to a strong brass spring, the other 
to a brass pin, against which the spring strongly presses 
by its elasticity. The instrument- wires, connected into 
a wedge or plug such as that described in the last an- 
swer, and fitted with a rubber handle, are inserted be- 
tween the two surfaces, and by the spring and the con- 
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slant nibbing a good connection is insured, Sonw 
varied in form, this device lias come into extenrnTii 
both in telegrapliic and telephonic service. Any o 
trivance where a wedge is employed to connect or fi 
connect instrumentB, or to change a circuit by ins 
between, or withdrawal from, spring' contacts, maj^ 
perly be termed a siiring-jack. 

191. muU is a relay, how is it made, hau- ttsed, andfrm 
doea it derive its name 1 

A relay ia an instrument included in the line-drciHl 
each station, which acts by the influence of the elwni 
cunents on the main line to bring into jilyy a haitwj 
called the local battery, at the receiving station, a 
by closing tlte circuit of such local battery, to work 
sounder or register with much greater strength thanl 
could be worked by the mainline current, wliicli is 
course, much weakened by the distance it has to tran 
or by the resistance of the long line-circuit it has 
tiuvei-se, as well as by the leakage due to imperfect! 
sulation. It ia obvious that such currents, though t 
feeble to work the heavy ai-ma ture-levera of a sounc 
or a register, may yet be perfectly able to move ( 
light lever of a relay-magnet, and thus close the li 
circuit. It is precisely like a key circuit-closer, 
the exception tliat it is not worked by hand but by I 
line-current. Professor Wheatstone was the first t 
graph man who employed the principle, although, 
stead of using an electro-magnet to operate the circa 
closer, he employed an electromagnetic needle, deflecl 
by being hung in the centre of a coil ; the needle ■ 
provided with a point of metal which closed a ciro 
and rang a bell by dipi)ing into a cap of mercnry t 
formed one electrode of an open circuit, the nee< 
being the other. 

The relay of the Xjresent time is made as follows : ' 
electro-magnet is formed of two spools of fine, sii 
covered magnet-wire, usually No. 32 gauge, Ha 
each enclose a core of soft iron, and both cores i 
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united at one end ty a soft-iron yoke or heel-piere. 
The wires of the two coils are joined together, so that 
one coil follows the other in the line-cii'cuit, and the 
direction of the wire formiHg the coils must be so that 
if the cores were bent up, and thus constituted one 
straight bar-magnet, the wire would be in the same 
direction throughout. These coils are placed upon a 
flat base of wood, and the ends of their wires are con- 
nected lo two binding-screws, usually placed near one 
«nd of the wooden baae. The coils are also fixed with 
the yoke which unites them to face the same end. The 
two coils together will, on an average, have a resistance 
of about one hundred and fifty ohms. In front of the 
free end of the cores is hung on pivots a light brass 
lever, carrying a light soft-iron armature, which is 
immediately opposite to the core ends. This lever vi- 
brates between, and is limited in its movements by, two 
set-screws which are set in a brass frame near its upper 
end. The limit-screw whiclx the lever strikes when 
drawn up to the cores and coils that form the elec- 
tro-magnet is, by means of the brass frame, one con- 
tact-point or terminal of the local circuit. The back 
limit-screw is tipped with some non-conducting sub- 
stance, so that when the lever falls back the local cir- 
cuit is again opened. The lever itself is connected by 
its pivots or otherwise to the other terminal of the local 
circuit. The wires leading from the lever and from the 
contact- point above are led under the base to two other 
binding-screws, and there connected to the local battery 
wires. A retraetUe spring is attached to the back of 
the armature, ajid tends to draw it back when not at- 
tracted by the magnet. A screw is also fixed at the 
back of the magnet under the yoke-piece, by which 
also the magnets may be withdrawn from or advanced 
toward the armature. 

Figure 76 shows a relay constructed in the manner 
described, and is a type of nearly all the Morse relays 
in use in the United States. 



.1 
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To work a relay properly the armature movement 
should be very small. Tliia ia adjusted by the limit- 
screws at the top of 
the armatiire-lever. 
The play between 
theae screws should 
never exceed one 
thirty-second of an 
inch ; and the ad- 
justment should be 
so matte that, when 
the armature is at- 
tracted, a piece of 
thick letter-paper 
< "in be passed be- 
tween the ends of 
I ^ the cores and the 
Ihfice of the arma^ 
ture. There is an- 
other adjustment 
which is more im- 
portant, and its pro- 
per management, 
especially on badly- 
M orking lines, is 
one of the best tests 
I of a good operator. 
I It consists in ad- 
justing the reti-ac- 
lile spring by means 
of a screw to which 
it IS fastened. To 
it, it is best to advance the magnet nearly close 
he annatui-e, so as to take full advantage of the 
igth of current, and then turn up the spring, that 
lay recoil promptly when tlie main circuit is opened. 
he armature sticks or lags when the spring is suffi- 
Jy tense, the magnets must be screwed a little back. 





The name relay is derived from the analogy which the 
function of the instrument bears to the change of horeea 
and consequent I'enewal of power at the different stages 
of a long journey. 

Another form of relay is much used in Europe and 
other countries, and, to some extent, on special systems 
in America. It is called the polarized relay. 

192. Describe briefly the polai-ized relay and its method of 
opei-ation. 

A polarized relay is one in which the reti'actile spring 
which serves to withdraw the armature-lever from the 
connecting point of the local circuit when the circuit is 
opened is replaced by the attraction of a magnet. As 
the moving armature is very light, and as the attraction 
of one pole is assisted by the i-epulsion of the other, the 
polarized relay is very sensitive. The Siemens polarized 
relay is the best known of its class. 

Its principal features are represented in Figure 77. It 
is composed of U steel 
permanent magnet bent 
to aright angle— that is 
to say, tin it is shaped 
like two sides of a 
square. One end is 
then a north and the 
other a south pole. On 
one end — the end that 
lies flat, or the base of 
the square — an electro- 
magnet is screwed, the 
heel-piece of the electro- 
magnet lying across the 
permanent magnet. The 
extreme end of the 
other arm, or the up- 
right side of the square, 

is forked, and in the fork is pivoted a small soft-iron 
bar, which acts as the lever and armature of the relay. 
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This turns horizontally on its pivot and works between 
the poles of the electro-magnei, which teraiinate in flat 
pole-pieces of soft iron. Tlie amiatwre is extended out 
by a slender tongue, the motion of which is limited 
by a metallic screw forming the local connection on one 
side, and a non-conducting scmw on the other side. 

The two soft-iron cores of the electro-magnet have by 
induction become charged with magnetism of the same 
polarity aa the end of the permanent magnet to which 
they are fixed — say north ; and the armature is similarly 
charged with the magnetism of the end to which it is 
fixed — south, of course ; so that, working between the 
two poles of the electro-magnet, it is, if placed in tlie 
centre, attracted equally by both of them, but if moved 
the smallest distance to eitlier side it will be attracted to 
that side. If a curient of electricity be sent through the 
relay-coils, one of the poles has its induced north mag- 
netism strengthened and the other has it weakened or 
neutralized, because the cuiTent tends to set up an in- 
dependent magnetism of its own in the electi-o-niagnet, 
in one leg agreeing with, and in the other leg opposing, 
the induced permanent magnetism. Now, if the I'elay is 
to be used in a system of telegraphy which is worked 
by opening and closing the circuit, the relaymust be so 
adjusted, by altering the position of the iron pole pieces 
and the limit-screws, tliat when no current is passing 
tlie armature shall be attracted t-o the insulated limit- 
screw strongly ; if a cuiTent of suitable dhection be 
now sent, the magnetism in the electro-magnet cores 
will be so changed that the armature will be smartly 
drawn over to the other side, closing the local circuit. 
If the current is not of suitable dii-ection it can be 
made so by merely tr;insposing the entering and leav- 
ing wires. When the current ceases the armature will 
at once be drawn back to tlie original side by its su- 
perior magnetic strength. If, however, the system of 
telegraphing used be that of sending currents of alter- 
nate direction, the armature must be adjusted as nearly 
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as possible in the centre between the poles of the electro- 
magnet, and in that case it will stay on the side to which 
it was last attracted until drawn to the other side by 
the passa^ of a current of opposite direction. 

193. What is a Morse telegraph-key, and hew is it made, 
connected, and used t 

The key used on the ordinary closed-circuit telegraph 
systems of this country is simply a device for closing and 
breaking the circuit of the main line, and thus produc- 
ing the alternate charge and discharge of the electro- 
magnets of the relays included in such circuit. By 
making in this way the alternate breaks and closings of 
different length, number, and disposition, any required 
signal can be sent, and eitlier recorded or sounded at 
any designated point. The key is constructed as fol- 
lows : A metallic lever, four or five inches long, is bung 
f Upon a steel arbor between two set-screws attached to a 
V metallic frame. It is movable vertically, but its play is 
nited in one direction by its anvil or front contact, and 
feln the other direction by a brass set-screw by which the 
^degree of play is adjusted. The anvil is insulated by a 
"bushing of hard rubber from the frame. One wire of the 
main circuit is connected to the anvil and the other to 
the frame. Screw-legs are attached, one to the base of 
the frame and the other to the under side of the anvil. 
By these screw-legs the wires of the circuit are attached 
and the key is clamped to the table. 

The lever of the key is fitted with a finger -piece of 
hard rubber or ivory, which protects the fingers of the 
operator from electric shocks. The contact-points of the 
'Sever and the anvil are generally made of platinum, as 
kordinary metals would be burned and melted by the 
sJectric spark which passes when contact is broken, 
lome advocates have, however, been found for steel 
K^ints. A spi-ing is placed under the lever, which keeps 
"t away from the anvil when the former is not pressed 
«WD ; and as there is then no connection between the 
Ifo wires of the circuit, a switch or circuit-closer is at- 
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tached, which, when the key is not being used, serves to 
connect the anvil witli the frame. The key we show in 
Figure 78 is made aa described and is of the most im- 
proved character; its lever is very light and is of fine 
steel forged in one piece with the trunnions. Keys are 
now made with binding screws attached to their upper 
surface, so as to dispense with the leg connections. 




I 



Keys are also made, and work excellently, with con- 
tact-points consisting of two metal discs, one fixed to 
the lever and one to the anvil. The upper disc is placed 
so that its periphery is at right angles to the lower one, 
and the point of contact ran be varied, when necessary, ' 
by turning eitlier disc a short distance round, both be- 
ing adjustable. I 

This improvement was made by George Cnmming, of j 
New York. 

In a way-stjition one wire runs from the key to the j 
relay, the other wire fiom the otlier leg of the key to 
the switch-board or cut-out, and thence to the line. 
When the key is to be used the switch or circnit-closer 
is tii-st opened. As soon as this is done the circuit is, of 
'■IWurHe, open, the anvils foi-ming one end of it and the j 
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contact-point of tlie lever the other. The onrreni", there- 
fore, cannot pass, and the armatures of all the relays in 
the circuit cease to be attracted and fall back. The 
operator then alternately depresses the lever and al- 
lows it to rise under the influence of the spring, in cor- 
respondence with the signals of the Morse alphabet ; 
and, in exact harmony with such movements, the circuit 
I is closed and broken ; the armatures of the relays in the 
[■ circuit are attracted and withdrawn, and the strokes of 
J the sounder — or, technically speaking, the dots and 
I dashes of the register or recording instrument— are pro- 
l duced by the closing of the local battery circuit, which 
I is operated by the movement of the relay armatures. 

194. Are any other keys in use besides the ordinary closed' 

.^Tcuit key already described f 

Yes ; several others. What is called the open-circuit 

Jeep is used on some lines, and is geneiully employed in 
;Ost Bnropean countries. In general principles it re- 
fiembles the key ab-eady described. The chief point of 
variation Is tliat both back and front contact-points 
form electrical connections. When the key rests on the 
back contact the line is generally completed through the 
relay to the ground or out to the next station. When 
the key is depressed to the front contact the battery is 
<5onnected to the line. Other keys are made to close on 
the back contact, thus opening the circuit entirely when 
they are depressed. Others, again, sometimes called 
pole-changers, or reversing keys, are constructed and 
connected to reverse the direction of the battery current 
at each alternate depression and retraction. An alter- 
nate-current key is easily constructed by fastening to a 
base of non-conducting material two springs of metal 
having finger-pieces of bard rubber. Over these, and 
pressing against the back of both springs, ia a metal- 
lic bridge. 'ITie springs by their elasticity press firmly 
against the bridge. Immediately below the knobs or 
finger-pieces is an anvil of metal. One pole of the bat- 
tery is then connected to the anvil ^.n<X the other to the 
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bridge, while one of the spring keys is connected to the 
line and the other to the ground. Now, when one key 
is pressed a current of one dii'ection is sent to the line, 
and wlien the other key is pressed a current of the op- 
posite direction ia sent to the line. 

195. Mliat ia a sounder, and how is it connected f 

The sounder is a very simple instniraeut and req;aire» I 




no protracted explanation. It is generally used in short 

local cii'cuit and is operated by the armature of the re- 

. Jay. On short lines, however, sounders wound witti 

'll^itable wire are often connected in the Biain cironit^ 
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and the relay is then omitted. It is merely an upriglit 
electro-magnet screwed down to a base-board and iitted 
with a soft-iron armature which is provided with a lever 
■vsorking in adjustable pivot-screwa. Its free end is 
limited in its stroke by two set-screws. The lower screw 
is set so that the armature almost touches the face of 
the magnet-cores, and the upper screw is set far enough 
away to give a sufficiently loud sound ; a retracting 
spring is attached to the lever and pullg it back when it 
is not attracted by the magnet. Tlie signals are given 
by the beats of the lever between these two screws, and 
the different signals are distinguished by the difference 
in sound between the down and up stroke of the lever 
and the duration of the strokes. The magnet, when 
used in a local circuit, is wound with No. 24 silk- 
covered copper wire, and has a resistance averaging 
about four ohms. 

The sounder we show in Figure 79 is the Giant 
Sounder, designed by J, H. Bunnell. 

When the armature of the relay is attracted by the 
closing of a key in the main line, the local circuit is 
closed by the relay contact-points, the sounder-magnet 
is charged by the local battery current, the armature is 
attracted, and the lever is smartly drawn down and the 
down stroke is made. When the relay armature falls 
back the cii-cuit is once more opened, and the spring 
pulls the lever back, causing the up streke. The sound- 
er-stroke is much improved by screwing the instrument 
down to the table. One of the binding-screws must be 
connected to one pole of the local battery, the other to 
one of the local binding-screws of the relay. 

196. What is a register, and how is it connected t 

The register is the namegivenin America to the Morse 
recorder. It is made in several different ways, all of 
which, however, involve the same principles. The pur- 
pose of this instrument, which is represented by Figure 
80, is to record the characters of the Morse alphabet on a 
,Btrip of paper. It was the original idea of Professor 
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Morse to do this, and the sounder is a natural outgrowth 
and extension of this principle. Two objects are to be 
accomplished by the register — tirst, to record the charac- 
ters ; and, second, to draw the paper jilong so that the 
characters will be made m regular succession. To effect 
these results the paper, which is in the form of a roll 
near or over the register, is passed between a pair of 
rollers, r, which are revolved by a train of clockwork 
driven by a weight attached by a cord to the drum, W. 

The clockwork is started or stopped by a brake, a. 

The upper roller has a groove cut in it all the way 
aronnd, so that the stylus, p, may readily emboss the 
paper by pressing it into this groove. 




Tbe electro-magnet, M", is placed upright ; its armature 
is furnished with a long lever, L, and at the end of the 
lever is fastened a steel point, or style, p^ which may be 
adjusted up or down by a set-screw. 

The strip of paper passes through the guide, g, and be- 
tween the grooved rollers. The steel point is adjusted 
mediately under the groove in the upper roller, and is 
1 the under side of the passing paper. 
1 spring retracts the armature when no current is pass- 
t as in the relay or sounder. Every time the re- 
nts are closed the register armature is attracted. 
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and as the armature end of tlie lever goes down the style 
(being on the other side of the pivotfe, which are support- 
■ed by set-screws) goes np, a mark is made upon tlie 
pajffir by the point, corresponding in length to the dura- 
tion of the passage of the current. The magnet is wound 
with silk-covered copper wire of No. 23 or 24 gauge, and 
is ordinarily of about four ohms resistance. Two large 
■cells of gravity battery ought to work it well. Main-line 
registers are sometimes employed for lines not exceeding 
in length twenty or thirty miles. They must, of course, 
fce wound wit^ much finer wire. 

I The register is not at present used to any great extent 
in America, having been superseded by the more simple 
■sounder. In small country offices it may, however, be 
seen in all its glory. Had it remained in universal use 
It would probably by this time have developed into the 
ink-writing instrument, which is much used in Europe. 
The connections are made exactly the same as those of 
the sounder. 

197. It is required to connect a sounder and register unth 

fc-a three-point switch, so that-either can be worked by the relay; 

f <bow is it done f 

. We will STippose the relay, register, and sounder to 

I 'be already fixed upon the table and the local batteiy 
«et up. Connect one pole of the battery to one of the 

I relay local connections, 

I and the other relay 

\ binding-screw to the 

llever - point of the 

piswitch. Attach one of 
the other points of the 
■switch to a register 
binding-post, the other 
to a sounder binding- 
post. Then run a wire 
irom the other register-post to the remaining sounder- 
post, and from there to the other pole of the battery, 
ind it is done. To work the register the switch jnust 
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l>e turned to one point ; to work the sonnder, to the 
other. 

This is shown in diagram by Figure 81. 

198. Wliat are repeaters f ^^^ 

Repeaters are peculiar aiTangenients of instruniems 
and wires whereby the relay, sounder, or register of one 
cii'cuit is caused to open and close another circuit, thus 
repeating or duplicating the signals sent on the first cir- 
cuit, by the hand of the ojierator working a Morse key, 
on to the second circuit by the upward and downward 
movements of the instniment armature-lever, in the 
same way that a relay closes the local circuit of a sound- 
er or register. Tlie earliest ones were so arranged that 
but one side had facilities fo repeat ; and if the receiriiig 
operator desired to break he was dependent on the at- 
tendant at the station where the rei)eater was located to 
turn a switch whereby the repeating devices were trans- 
ferred to his circuit. This had obvious disadvantages, 
and many automatic repeaters have been invented which 
do not need the services of an attendant, as by their use 
either side can send, either circuit repeating into the 
other at will. Repeaters are used to connect two cir- 
cuits together to work through which are oi-dinai-ily 
operated separately ; and by their use direct communica- 
tion has been had fi-om Heart's Content, NewfoundJaud, 
to San Francisco. They are also often used for connect- 
ing branch lines with a main line. The first repeater 
'■was used for this purpose, and was designed and put 
'nto operation at Auburn, N, Y., to repeat press news 
from that office to Ithaca. 
^^ 199. Wiiat are the repeaters which up to the present time have 
Uteen invented f 

The first was the one previously alluded to, and is 

tiniversally known as the button-repeater. It was 

Janned by Merritt L. Wood in September, 1846. The 

sxt was the open-circuit repeater of Charles S. Bulk- 

". devised in 1848, which enabled messages to be sent 
: between New York and New Orleans Fanner 
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and ^Voodman in 1856 invented the first automatic 
closed circuit rejjeater, while after this in rapid succes- 
sion came tlie automatic repeaters of Hicks — who has 
invented no fewer than three different forms of re- 
peaters—Clark, Milliken, Toye, Gray, Haskins, Bun- 
nell, and Gerritt Smith. The last one produced was 
that of Catlin. All of these have their special virtues, 
and have each been more or less used, but only a few of 
them are now in operation. 

200. state which repeaters are now moat frequently used. 

Wood's button-repeater, though the oldest, is stiU 
much used on account of its simplicity and the readi- 
ness with which it is constrncted by amateurs or in 
offices without special facilities. It is simply a switch 
which ia capable of being placed in either of three por- 
tions. In one of these positions each line is connected, 
through a ground-switch, with a common gronnd-wire. 
In a second position the armature-lever of each of tlie 
sounders is interposed in the circuit of the other line so 
as to operate as an electro-magnetic key. The third posi- 
tion is but the second reversed. It needs an attendant 
all the time, as it can only be worked from one direction. 
When the receiving operator wishes to break he opens 
his key or makes dots, aud the attendant, seeing that 
the soundere are not working together, turns the button, 
permitting the receiver to become in his turn the sender. 
When it is desired to work the two lines through as one 
it is only necessary to throw oflf the ground-switch. 

The connections are clearly shown in Figure 82. M, 
M' are the relays of the two circuits, S S' their sounders, 
B and B' the main batteries, 4 the ground- switch, E 
and W the east and west line-wii-es. When the lever, L, 
is in the position shown the wires are arranged as two 
independent circuits. To make a continuous through 
circuit the lever, L, is left nntoncljed, but the ground 
switch, 4, is thrown oS. To an-ange the two circuits for 
repeating, the ground-switch, 4, is closed, and tlie lever, 
L, placed either on the plates 2 2 or 3 3. In the 
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former position the eastern line repeats into the west- 
ern, and iu the 
latter position 
the western re- 
peats into the 
eastern circuit. 
The automa- 
tic repeated 
which are now 
most generally 
used are those 
of Milliken, 
Toye, Bunnell, 
and Haskins. 
The chief aim 
of all of them 
is to give the 
power of brealt- 
ing, sending, and receiving to each circuit alike, and the 
great difficulty in the way has been to keep the arma- 
ture of the relay of the i-eeeiving wire quiescent, and 
at the same time have it so aiTanged that it woald 
promptly come into action when a break was made. 
This has, liowever, been successfully accomplished in 
many ways.* 

An operator sending through a repeater must send 
firmly and heavily, and make long dots and correspond- 
ingly long dashes, because the lever of the repeating 
instrument requires an appreciable amount of time to 
make its stroke, and eacli repeater on a single line of 
communication shortens the current still more. For 
this reason the rei)eater-levers must be adjusted to as 
short a stroke as possible. 

201. Was there not u wry simple repeater devised by Edison « 
Yes. It is described in Pope's " Modem Pi-actice of 

• A full deseri|ition of nearly all fhe repeaters that are, or IiBve lieen, in 
0S6 can hi; foiitid in Davia and Rae's invaluable " Iland-booli of DingraaiB 




by Figure 88. 
is a very conve- 
nient button-re- 
peater, has been 
found serviceable, 
and can be fitted 
up very quickly, 
as it needs no 
apparatus except 
tbe regular relays 
and sounders and 
a common two- 
n t ground- 
switch. To set it 
up, the line, say 
from the west, is connected first with its own relay, M ; 
thence it passes to tbe point 3 of the ground-switch, 
and through tbe local points of the opposite relay to the 
main battery, E, and ground, Gf. The other line is simi- 
larly connected ; the main post of tbe ground- switch, S, 
is then connected with one pole of the local battery, E'. 
The other pole of the local battery connects with the 
sounder, L, passing from tlie second binding-screw of the 
sounder to the wire 1, which connects the two sets of re- 
lay-points with tbe ground. The sounder and local bat- 
tery form a portion of both local and main circuits. 
When the button-switch is turned on to the point which 
touches tlie eastern circuit the eastern circuit repeats 
into the western, while tbe western relay works the 
sounder, and vice versa. 
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ADJUSTMENT AND CARE OF TELEGRAPH INSTRUMENTS. 

202. Wliat is usually meant by the '^ adjustment" of a re- 
lay f 

The adjustment of a relay means the adjustment of 
its vibrating armature, both as regards its distance 
from the magnet-cores and the space through wliicli it 
vibrates, or the length of its vibration. The first ad- 
justment is regulated by the screw working the retract- 
ing spring of the armature, by the screw working the 
advance or withdrawal of the magnet, and by the front 
limit-screw, which also forms the contact-point of the 
local circuit. The latter adjustment is made by the two 
limit or set screws, between which the lever plays. 

Ordinarily a relay should work well when adjusted 
as foUows : With key open, or instruments cut out. fix 
the fi'ont limit-screw so that a moderately thick piece of 
letter-paper can be inserted between the armature and 
magnet-cores. Then screw np tlie back limit-screw till 
it is as close as possible, leaving an almost imperceptible 
movement to the lever. Then screw up the magnet 
until it is less than a sixteenth of an inch, place 
the instrument in circuit, and turn np the retracting 
spring. If the armature now sticks to the magnets 
tnm up the spring still more ; and if, when it is turned 
up pretty high, the action of the ma^tet is still too 
strong, the magnet must be withdrawn a little. We 
have seen operators who uniformly work with a 
slack retracting spring and magnet turned away back ; 
but this is against common sense, for, to get the full 
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benefit of the line cuiTent and to make the relay work 
quick and sharp, it is obvious ihat the magnet should 
be as close to the araiature as it can be without sticking, 
so that it may advance sharply when the circuit is 
closed ; and also that the spring should be adjusted 
high, so that the armature shall fall back promptly 
when the circuit is broken. Correct adjustment is one 
of the never-failing signs of a good opei-ator, and it 
often, especially in wet weather and on way wire?, 
demands great skill and attention. 

203. Why ia it that the adjuatment of the relay is very diffi- 
cult on some lines in wet weather t 

Because in wet weather the escape of current from 
the line at each insulator (which even in the best-in- 
sulated lines is always present in some slight degree) is 
greatly increased and varies frequently, rendering the 
magnetism of the relay correspondingly uneven, being 
now stronger and again weaker. 

This is especially the case In lines where the insula- 
tion is defective to commence with, and on some long 
way circuits it has often occurred that during a rain- 
storm it has been totally impossible to work the wire at 
kftU, or only in sections of a few miles in length. 

■ The condition of the telegraph lines of America has 

■ been so much improved during the last ten years that 
sach cases have now happily become rare. 

204. Why is it that during wet weather on badly worhinQ 
wires the relay often remains still wlien a distant station is 
a&tding, and why is it necessary to adjust high in order to get 
such stations f 

^This is chiefly noticed on lines where the battery ia 
divided, part of it being at one end and part at the 
Other. As most of them are so arranged, it is a very 
frequent occurrence on lines of any great length. It 
is caused by the escape from the insulators which are 
between the station working and the station where the 
_ relay fails to respond. This becomes so considerable, 
^ny the aid of the wet insulators and poles, as to act the 
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same as if an average country ground-wire were put 
on ; and the caiTent from the nearer main battery (if 
both batteries are equal in size) now has a circuit from 
the ground at the terminal station where it is located, 
over the line through the relays wliich remain still, to 
the escape arising from the united effect of leakage at a 
great many ihsulators at once ; and the current in this 
artificial circuit produces sufficient magnetism in the re- 
lays to hold the armatures forward when the adjusting 
spring is at its usual tension, even when the current 
from the more distant battery is interrupted and tlie 
line opened by the key which is being worked at the 
distant station. This phenomenon can occur in either 
direction when a battery is placed at both ends, but 
only in one direction wljen the battery is at but one end 
of the line; for it is obvious that if a circuit have a 
battery at only one end, any office, by opening a key, 
cuts off the current from the entire line beyond it, and 
the armatures of all the relays beyond must, in conse- 
quence, fall back. Sometimes, therefore, in hard-work- 
ing lines, where there is much escape during a rain-storm, 
the battery is taken off one end. When a relay, at its 
ordinary adjustment, refuses to respond to the signalling 
of a distant station, the spring must be adjusted higher, 
so as to put a greater strain on the armature, in order 
that it may overcome the attraction of the magnetism 
due to the escape. It will then respond to the breaks 
of the distant station. If the escaije be still felt the 
magnet must be withdrawn a little by the back screw. 

205. Wliat is the best method of adjusting on a hard-work- 
ing line in wet iceatheri 

The best general way to adjust, both in wet and 
dry weather, is the common-sense method, which is 
as follows: 

The limit set-screws should be so adjusted that when 
the armature is attracted it will almost touch the mag- 
net-core, allowing just space enough to insert a piece 
of stout writing-paper between. This done, adjust the 
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back Jiniit-acrew up bo close as to allow of the least 
possible motion necessary to open the local circnit. 

Screw op the back adjustment till the nia<5net is quite 
close to the armature ; still, however, being careful that 
they do not touch. This is so that all the current on 
the line may be utilized on the magnet. Then screw the 
adjusting spring up till the tension is quite strong, thus 
giving the armature all tlie chance possible to fall back 
every time the main circuit is opened. If breaks still do 
not show clear on the sounder or register, the magnet 
must now be screwed back a little. 

We may suppose the relay to be adjusted to be 
located at a station fifty miles from one terminal or 
repeating office and two hundred miles from the other. 

In auch a case it is probable that the greater part of 
the business will be to and from the former ; and the 
best plan will be to keep the instrument so adjusted 
that the sending of the near rejieating office conies light 
yet perfectly distinguishable. The call from that office, 
and all between it and the receiving station, may then 
be readily heard, while the heavy sending of the other 
terminal station and other distant stations have also a 
good chance to be heard. In any case, however, before 
opening the key in bad weather the adjustment should 
be pulled up, so that, if any distant station is using the 
line, its sending may be made manifest as the tension of 
the spring is increased, 

806. Why does a key Bometimeg stick, and what should be 
done to remedy a sticking key i 

When a key, on rising, does not break the circuit it 
is said to "stick." Tliis sticking is generally caused 
by its platinum contacts becoming gradially bui'ned and 
made rough by the repeated action of the spark which 
appears every time the circuit is broken, or by very 
11 specks of metallic dust, which collect round the 

vil and points. Sometimes it is occasioned by spongy 
or soft platinum having been used as the material ior 
the contacts. This fuses to a certain degree every time 
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the key ia opened. In either case a partial and imper- 
fect connection is produced between the two jjarta of the 
key, whicli should be completely insulated from one 
another when the key is opened. 

When sticking occurs it can usually be remedied by 
rubbing the points with fine emery-paper. If that does 
not cure it a fine file may be very carefully employed, 
but only until a new suiface is made. Frequent use of 
the file should, however, be avoided. 

An inexperienced operator is often liable to mistake 
other troubles for a sticking key. 

Dirty relay-points will, for example, so far as the 
register or sounder is concerned, act in precisely the 
same manner, and must also be cleaned with fine 
emery or sand pai>er. 

Loose pivot-screws will often make trouble with a 
key, and should not be tolerated ; the pivot-screwa 
should always be kept as tight as is consistent with 
a free and easy movement of tlie key. 

11 a key has soft or spongy points there is no radical 
cure until the points are renewed. 

In such a case the only way to make the key work 
at all is to give the lever considerable play when work- 
ing it, and to clean the points frequently. 

Keys with soft points are now happily rare. 

207. What precautions are neceBsary to get good work from a 
sounder f 

Fii-st and foi-emoat, the sounder magnet helix should 
lave about the same resistance as the local battery. If 
the battery consists of two cells of the gravity form, 
the sounder coils should have a resistance of about four 
ohms. 

The sounder has three adjustments : one by whicli 
the play of the armature-lever ia regulated, one by 
which the distance of the armature from the magnet- 
cores is regulated, and one determining tlie degree of 
tension of the retracting spring. 

To adjust a soiinder the annature- lever is first made 
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to work easily and yet snugly upon its pivots, which are 
then locked by their set-nuts. Then the armature is 
fixed by the screw bo that a piece of tJiick writing-paper 
can be passed between the core and the armature. 

The screw regulating the stroke is then brought to a 
suitable distance to give the proper length of stroke, 
after which the retracting spring is screwed up, so that 
when the circuit opens the lever is pulled sharply 
back against its back limit-screw. If it now sticks 
when working, the spring must be tightened ; if tlie 
spring is already tight the front limit-screw may be 
screwed up a little, thus bringing the armature to a 
point further from the core. 

When a sounder gives a satisfactory sound it should 
be let alone. 

A sounder should always be screwed down to the 
table, which then forms a sounding-board. 

If a sounder has alway* worked well, but at length 
commences to stick, the adjustments should all be in- 
■spected to see if they are tight ; if they are, the defect 
is probably due to residual magnetism in the cores, 
which may be measurably rectified by reversing the 
Tvires. 

Care must be taken not to break or bend the fine 
magnet-wires in cleaning or dusting the instrument, 

808. How should a register be managed i 

The adjustments already described as belonging to 
^-the sounder are aU of them in the register also. Be- 
sides these we find others — viz., that by which the 
rollers which draw the paper along are regulated, and 
the adjustment of the stylus, or pen. 

The length of stroke, distance from cores, and tension 
retraflting spring are adjusted exactly in the same 
way as in the sounder. 

To fix the pen-point correctly, first adjust the arma- 
ture, screwing it to the proper distance from the core, 
then hold it there by closing the local circuit, at the 
fame time letting the register nin, and screw up the 
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pen-point until it niakea a mark on the paper which is 
plainly seen, then tighten up tlie set-mit. 

The mark should only be deep enough to be distinct. 
The limit-scitw i-egulating the stroke must allow the 
pen to just clear the X'aper wlien tlie circuit ojiens. If 
the paper runs crooked one end of the rollers presses 
tighter than the other, and tlie end that carries the 
paper fastest mast be unscrewed a little. When the 
armature clips or sticks the relay needs adjusting. 

The lever should never be allowed to work loose in its 
pivots, as that would cause in-egular dashes, sometimes 
too deep, and at other times not deep enough. The 
paper guides must be just wide enough to allow the 
paper to pass through easily. If the register-lever does 
not respond to the movements of the relay there Is 
some defect in the local circuit — very likely a loose con- 
nection, a weak battery, or dirty relay-points, 

A register should be kept clean, but never taken to 
pieces out of curiosity ; ninety-nine ti-oubles out of a 
hundred met with by young opei-ators are due to un- 
necessary tinkering with the instruments, 

209. When and how should a ground-wire at a way-station 
he uaedf 

A ground-wire should be used on a telegraph line 
only when the circuit ia found to be open. It should 
then be used first as a testing wire, to ascertain on 
which side the line is open, and afterward put on, and 
left on, at the side of the instruments on which the 
trouble is found to be. When used as a testing ground 
it must be touched to both of the leading-in wires. If 
when touching either side it causes the relay to attract 
its armature, tliat is the side on which the trouble is, 
and that is the side on which it must be temporarily 
left ; thus cutting that station in on the unbroken frag- 
ment of the line to the terminal station. 

When the line is in working order the ground-wire 

should be left untouched. It is too much tlie practice 

L among operators at way-offices to put on the ground- 
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wire for any or no cause, but it is a habit that cannot 
be too strongly reprehended. 

210. Give some hints on the general care of a way telegraph 
station. 

Operators at way telegraph stations are frequently 
young and inesxieiienced. A few general hints may, 
therefore, not be out of place here. 

After lightning-storms the arrester should always be 
examined to see if any damage to it has ensued. If so 
it should be iixed at once. If that kind of lightning- 
arrester is used in which a thin sheet of paper separates 
the ground from the line plate, the paper ought to be 
renewed, whether damage is apparent or not. 

In bad weather the relay-spring should always be 
pulled up befdre the key is opened, to ascertain whether 
any one is using the line. 

The motion of the relay armature-lever should be 
kept as small as possible, and the local points of the 
relay kept clean. The armatures, both of the relay and 
sounder, or register, must never be suffered to touch the 
cores of the magnet. 

Every binding-screw about the office ought to be tried 
occasionally to see if it is tight, as the good working 
of the entire line often depends on this. Every loose 
connection introduces a high resistance into the circuit 
of which it fonns a part. 

When the instniments are "working satisfactorily 
they should be left strictly untouched. 

If the instrument table be covered with an oil-cloth, a 
space should in all cases be cut clear for the key, so 
that the latter will rest on the table. Many escapes 
have been traced to an oil-cloth table-cover, 

AH pivots should be just tight enough to prevent 
lateral play. This applies both to keys and sounders, 
or registers. 

If an ordinary Daniell. battery with porous cups be 

used for a local, it should be eleaned at least once a 

I month. The zinc should not be allowed to touch the 
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bottom of the porous cup. In cleaning such a battery^ 
half of the clear liquid may be poured from the porous 
cup, and, after the cup is emptied and cleaned, poured 
back to form the zinc solution. H all the liquid is 
emptied it will be some time before the battery works 
up to its full strength again. 

If a gravity battery be used the cleaning does not 
need to be nearly so frequent. 




CHAPTER XVI. 

CIRCUIT FAULTS AND THEIK LOCALIZATION. 

211. Wimt are the faults most likely to occur on a Morse 
telegraph line, and how are they most frequently caused ? 

Open wire or complete disconnection, partial or oc- 
casional disconnection, dead earth, swinging or occa- 
sional earth, escapes, crosses, swinging crosses, wea- 
ther-crosses, and defectiye ground at the terminals. 

Complete disconnection, familiarly called a "break," 
occiirs when the circuit is open at any point, and till 
repaired puts an entire atop to communication. It 
may be caused in a variety of ways. The terminal 
ground-wire may be broken or cut, the battery may be 
defective, a key may be, and often is, left open, the 
line-wire may be broken— this may occur in many ways 
— or a wire may be accidentally pulled out of a binding- 
post in a station. 

Partial disconnection occurs when the resistance of a 
circuit is greatly increased, and is also caused in a va- 
riety of ways. A rusty or otherwise bad joint on tlie 
line-wire, a wire loose in a screw-post, an imperfect 
terminal ground-wire, or a very bad main battery will 
cause this trouble; and it manifests itself by causing 
the instruments in circuit to work in a feeble and irregu- 
lar manner. 

Dead earth, in American phraseology, is called a 
" ground." It occurs when the line at any point touches 
the earth, or some good conductor in contact with the 
earth. When the resistance of such a fault is very low 
indeed it practically divides the line in two parts, each 
terminal station working on its own battery to the fault. 
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If only one station has a main battery the relays be- 
tween that station and the fault will work stronger than 
usual, because the total resistance of the circuit is de- 
creased ; while the instruments beyond the fault will be 
apparently out of circuit, and will act as if the line were 
open. If there is a battery at bobli ends the stations on 
each side of the ground will be able to work, but those 
on one side will be unable to oottimnnicate with those on 
the other. This trouble may be caused by contact with 
a wire running to eartli, or tty the line-wire lying across 
a tree or roof ; but is oftenest caused by operators in 
way-offices, who attach a gi'ound-wire to the line for no 
sufficient reason, and forget to remove it. 

A swinging or occasional earth is of the same charac- 
ter as the preceding fatilt, with the exception that in- 
stead of being a peniiauent inteiTuption it comes on only 
at more or less regular intervals. It is a serious fault, 
and often difficult of localization, as such a ground fre- 
qnently does not stay in long enough to enable it to be 
tested. It is usually caused by the line-wire swinging, 
under the influence of the wind, against some conducting 
substance in contact with the earth, snch as a guy-wire. 

An escape is also of the same general character as a 
ground. The difference is only one of degree ; for while, 
in the case of a dead ground, nearly all the working 
current leaves tlie line at the fault, only a portion does 
so in the case of an escape. It is, in fact, simply a 
branch circuit of comparatively low resistance, by which 
a certain portion of the current of electricity escapes or 
leaks to the earth at the wrong place, thus weakening 
the line current beyond the fault, and strengthening it 
between the main battery and the fault. It is caused by 
defective insulation of the line, instruments, or battery, 
or by contact with an imperfect conductor, such, for ex- 
ample, as a tree, 

A cross occurs when two wires come into contact, and 
I ia generally caused by the wind or by swaying branches 
i]|^ tri'es. When twu wires are crossed a message sent on 
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one is repeated on the other, ao that neither one can be 
worked without interfering with the other. In such 
cases the means adopted is to open one wire on each 
side of the croaa until the cross can be cleared. 

A swiiiging or interm.iUeid cross occui-s wliere one or 
more wires are too slack between the poles or supports, 
so that they are often blown one against the other. This 
trouble is an annoying one, as it is very difficult to 
locate, for the same reason as that given in describing 
the intermittent ground. It is of frequent occurrence 
among the short house-top lines of cities. 

A weatJier-cross sometimes occurs in wet weather 
from defective insulation. In such cases the moistui'e 
■on the insulators and crosa-ai'nis enables the electricity 
to escape or leak from one wire to another. The evil 
effect of this trouble is much lessened by earth-wiring 
the poles. 

BefetMne ground terminals act as if all the wires run* 
ning to ground at the same place were crossed togetlier. 
It is frequently caused by the severance of a gas-pipe 
"which is used for tlie common earth connection. It is 
also sometimes caused by such a pipe being an imper- 
fect conductor, or by the connection of the wiie to the 
pipe being imperfectly made. 

212. Hoto does a disconnection, or break, make itwlf appa- 
rent, and how is it to be tented for ? 

If the line is broken at any point the armatures of all 
the relays at once fall back, and no work can be done 
■until the line is repaired. If tlje trouble is caused by an 
open key the operator at that station will probably 
sooner or later discover it and close it. But if the line- 
wire is broken at any point a lineman will have to be 
sent out as soon as the trouble is located between two 
stations. 

As soon as the circuit is discovered to be open the 
operator at each way-station should connect his ground- 
wire first with one side of the instrument and then with 
the other. If connecting it on either side closes the 





tions, A, B, C, and D, the wire is supposed to be broken 
at P. When B and C attach their ground-wires, aa 
shown and described, it will be seen that two distinct 
circuits are formed : A then being able to work with B, 
and C with D, The fault is thus sliown to be between B 
andC. 

If the apijlication of the ground-wire fails to close the 
circuit on either side, the trouble is either in the office, 
or the ground-wire that the operator is testing with is 
defective, or some other office has already closed the 
circuit by the connection of a ground-wire. Hence an 
operator should always, after testing with the ground- 
wire, make snre by a careful search that the trouble is> 
not in his own office. 

As soon as any office discovers on which side the line 
is open its doty is to report the facts to the remaining^ 
terminal station, and from it receive instructions whether 

I or not to keep the gi-oundwire on. Failing such instrnc- 
tions, a good plan is, if there are many stations between 
the way and terminal station on the complete side, to 
keep the gioimd on and frequently remove it tempo- 
rarily to see if the circuit has closed ; but if the said 
way-station is near to the tenninal station on the side 
which ia unbroken, it is better to keep the ground off, 
because the greater number of stations are beyond ; and. 
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when any one of the way-stations has a message to send 
it can then connect a ground-wire and send it, 

A break is often tested for with a galvanometer, the 
general principle of such a test being the comparison 
of the known insulation resistance when tlie line is com- 
plete with the insulation resistance from the terminal 
stations to the broken ends. It is, of course, a matter of 
absolute necessity to test for a break in a submarine 
cable in this or in a similar manner. 

213. What method may be adopted on short city lines of 
special systems, such as American District or stock-printer 

The quickest and most satisfactory way is to put on 
to the broken line a battery of sufficient strength, and 
then have an inspector or lineman go from station to sta- 
tion, grounding each instrnmeiit for an instant as he 
goes along, imtil he reaches an instrument which, when 
grounded on the side away from the office, does not 
work, or on which, if a light battery is used, he can taste 
nothing. He has then passed the break, and, retracing 
his steps to tlie last station, he there attaches a ground, 
leaving it connected until the break thus located be- 
tween two stations can be repaired. 

214. What are the effects of an intermittent disconnection, 
and how may such a trouble be located f 

An intermittent disconnection is frequently by inspec- 
tors and linemen called a swinging break. It often oo- 
cars from a loose connection, a hook-joint which is al- 
ternately tightened and loosened by tlie wind, or, in the 
case of covered wire, it may be caused by the conductor 
being broken inside the covering. On ordinary lines it 
will occasionally make itself apparent by the sound of a 
dot on the sounder, and it sometimes proves very annoy- 
ing to operators by opening the circuit for an instant 
while a message is being sent. On printing circuits it 
shows by the instruments missing a beat, and then 
"throwing out," causing the printed slip to write 
nonsense, while on District circuits and the like a long 



236 ELECTRICITY, MAGNETISM, AND TELEGRAPHY. 



dash is produced on the register- tape and the bell 
rin^js. 

The most satisfactory way, and the only method to be 
depended on, for the location of a trouble of this charac- 
ter, is to cross-connect the defective wire with another 
a,t an intennediate t^tation. This method may be adopted 
on either long or abort liiiea, and is as follows; It la 
better, for the sake of celerity, to make two cross-con- 
nections at once. For example, we will suppose two 
parallel lines, No, 1 and No. 2, both running into sta- 
tions A, B, C, and D, and that No. 1 has an intermittent 
break. At the point where the wires leave station A 
interchange them so that No. 1 inside the office connects 
with No. 2 outside, and vice versa. Duplicate the change 
also at station C. No. 1 is then tempoiurily No. 1 from 
its initial ground at A to the window, No. 2 from there 
to the switch at station C, and again No. 1 from C to the 
terminal ground. No. 3 is, of course, coiTespondingly 
changed. Suppose now the fault is between B and C 
on No. 1 ; the trouble will be found to have moved over 
to No. 2 at the terminal stations A and D, because 
that portion of No. 1 in wliich tlie fault is located has 
by cross-connection been transferred to No. 2 circuit. 
When this is ascertained the wires at the distant sta- 
tion C may be ati-aightened and the cross-connection 
changed to station B. Supposing still that the fault is 
between B and C, it will, the next time it comes in, be 
found to have changed ba.ck to No. 1, because that sec- 
tion of line has been transferred back again to No. 1. 
Now, when thus located between two stations, it can 
generally be easily found by a lineman. If it is, how- 
ever, still troublesome, and cannot be found, the lineman 
■will have to cross-connect between stations. 

215. Hoiv ehimld a partial disconnection causing an ex- 
tremi-Jy high resietance be tested for ? 

The method of cross-connection described in the an- 
'■ immediately i)rior to this is the most satisfactory 
• to pursue when only the ordinary telegraph in- 
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struments are at hand. If, however, a good galvano- 
meter and rheostat can be readily obtained, a qnieker 
way is to employ them, especially if the fault is con- 
stant. It will be of great assistance to the tester, in this 
operation, if the resistance of the line at ordinary times 
is known ; but even if it is not it can usually be calcu- 
lated. First measure the suspected line, and see what 
the resistance is with the fault in ; then Iiave a good 
ground pnt on about half way to tlie terminal, and 
measure again. If the high resistance is still in take oflr 
the ground and attach it nearer, and measure again ; if, 
on the contrary, by grounding the fii'st time the high re- 
sistance is taken out, the trouble is beyond, and the 
ground must be attached at a more distant point. By 
continuing tiie measurements the trouble can soon be 
localized between two stations. 

316. Hoiv akould a ground or dead earth be tested for f 
The method in geneml use is to call up all the star- 
tions, one after another, and see what ones can be raised. 
If, for instance, a line has twenty stations and the most 
distant one tliat can be raised is the tenth, the presump- 
tion is that the ground is beyond that station. This is 
used where there is only one wire. If there are two or 
more wires the testing office can call the way-offices in 
rotation on No. 2 and .direct them to open No. 1. So 
long as the opening is not perceptiWe at the testing sta- 
tion the ground is between the station opening the key 
and the testing station ; but as soon as the opening of 
the key at a station is perceived at the testing station 
the ground is passed and is then beyond the station 
opening. If a galvanometer is used and the normal re- 
sistance of the line is known, the distance of the ground 
from the testing station can usually be calculated from 
the measured resistance with the fault in. A dead 
ground is very often caused by lightning burning out 
the paper between the plates or fusing the jioints of a 
H lightning-arrester. On a very short line having many 
■ stations or instraments, such as a stock-printer line, the 
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quickest plan to locate a ground is to go from station 
to station. Tlie inatruments on the battery side of the 
ground will be observed to work stronger than usual, 
while those beyond the ground will work much weaker 
or not at all. 

217. Hoii} does an escape manifest itself, and how is it to be 
teated fori 

An escape is manifested much in tbe same manner as 
a ground, but its effects are not so pronounced. Stations 
on different sides of an escape, under ordinary condi- 
tions have to adjust high to work with each other. It is 
sometimea found advisable to take off the battery from 
one and of the line, and let the magnetism in the relay 
at iiie receiving end be produced entirely by the intlu- 
ance of the battery of tlie sending end ; because even 
though a portion of the current from that battery is lost 
at the escape, the portion which does arrive at the re- 
ceiving station beyond tlie escape is necessailly affected 
by the key of tlie sender, since whenever that key is 
opened all tlie current is taken from the line. When 
this is done, however, the receiver must not break, as if 
he did it would not be noticed by the sender, the circuit 
being, in any event, partially completed by the escape. 

Figure 85 represents a line with a main battery, E, at 



I terminal station, and a fault, consisting of an es- 

le, F, between the two stations E and C ; the terminal 

tions are indicated by the letters A and D. 

1 To test for this escape the stations of the faulty vrire 

bust be called up, one after another, either by means of 

I second wire or by the faulty wire itself, and told to 

1 key for a minute or so. When the stations beyond 
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the escape open a current will be still on the line from 
the testing station to the escape, and will affect the relay 
of the tester ; but as soon as the first station on the test- 
ing-office side of the escape opens tbe curi-ent will cease 
and the tester's relay will fall back. Thus, in the figure, 
supposing A to be tlie testing station, when C opens key 
there is still a current on the line from the battery E 
through the escape to ground ; but when B opens there 
lis no current, showing the escape to he between B and C. 

21S. Mow is a cross or contact between two wires to be local- 
ized i 

When a cross occurs between two wires it is obvious 
that the two wires wiU be reduced to one, if one of them 
is opened on both sides of the cross, or if one is opened 
on one side of the cross and the otlier on the other side 
of the cross. Therefore to test for a cross, say between 
two wii'es, No. 1 and No. 2, the most distant station that 
can be msed must be called up and instructed to open 
one wire — No. 1, for example— and make dots on the 
other. The testing ofBce will open No. 2, and if the dots 
of the distant station come on No. 1 at tlie testing sta- 
tion the wires are obviously crossed. Now instruct the 
distant station to leave No. 1 open ; then call up the 
next distant station, direct it to open No. 1 and send 
dots on No. 2, opening No. 2 at your own station. If 
;the cross is still between the testing office and the dis- 
it station the dots will still come on No. 1 ; but if the 
is between the station now sending dots and the 
preceding one both wires will now be open at the test- 
ing station. The cross is thus readily located. The test- 
ing operator or circuit manager must call up and test 
with station after station in regular succession until tbe 
cross is located. 

219. How mnst an intermittent ground or croaa be tested 
fort 

The only reliable way to test for and locate an inter- 

Imittent ground is to cross-connect the faulty wire with 
9, perfect one and wait until the next time the fault 
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shows, observing then whether it is transferred to the 
second wire with the cross-connected section of line, the 
whole process being in every respect similar to that of 
testing for an inteiTnittent disconnection described in 
question 314. 

The same remarks apply generally to intermittent 
troubles of any character. 

220. How does a weather-croan affect telegraph lines, and 
haw and when must it be tested fort 

A so-called weather-cross shows a similar effect on a 
line of telegraph to that caused by a cross, but in a mnch 
less degree. ID ninst be tested for in the same way, and 
the testing must be done while the wet weather contin- 
ues, as it ia only then that such a fault is sufficiently 
appai-ent to be tested for. 

221. ITAfii a defective ground connection is suspected Jiox 
may it be tested for and discovered f 

Wlien such a fault is suspected it may often be found 
by searching, withont testing at all. If it cannot be 
readily found or proved to exist by search, it can be 
tested for by several methods. The ^rst is : If more 
than two lines run to the same earth, first take off all 
the lines except two, then open one of th^e two and 
put a considerable battery on the other. If the ground 
is veiy defective a large share of the current will leak 
past it and tiiake itself manifest to the taste at the end 
of the opened wire. A second way is given by Haskins, 
g, •' *-. <r>-. fioUows: "Connect a wire to the suspected 
iween the battery terminal and ground, 
no batteiy, to the ground-wire between 
lent and the ground; connect the other 
T a galvanometer, connecting the other 
vanonieter to a good earth. If the 
defective the cnnent will dii-ide where 
. attached and will go to ground tbrongh 
, dellwting the needle." Haskins also 
a»g melluxl of measuring the resistanee 
ground : Measure any two lines to earfli 
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through the suspected wire, then disconnect the two 
wires from the ground, connect them in metallic circuit, 
and measure the loop so made. If the sum of the two 
lesistances measured to ground exceed the resistance of 
the metallic loop, then the excess, divided by two, will 
give the resistance of the defective ground. 




222. What is meant by the tertn viuUtple tetegrapht 
The term eiiibincea all the various niBthndn of samm 
taneously sendmji two or more eonimiinU^tions n 

, either in ihe same dirwtiim or in opiiosileiliwl 
tians, over a single line. It iiirludes the diiplex. i|iu4l 
ruplex, the various miiltli^ilex nietliods wliieli have fa 
introduced or projected witliiii the last ten yeara, >iil 
the harmonic systems of telegraphy, introduced byT»J 
ley, Gray, Lacour, and others. 
JJ83. What in the duplex 1 

It is simply an ordinary telegraph, bo constrnctwlii 
arranged that two communications may at the sameiintfl 
be transmitted intelligently over the same wire, raiffll 
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coil of the relay to the line to operate the relay at the 
distant station. A differential relay is one which is 
wound with two separate coils in different directions. 
Tlie effect when a cuiTent is passed through it is that the 
current from the home battery is equal in both coUri, and, 
they being wound in different and opposite directions, 
the magnetic etfecL caused by the current In oUe direc- 
tion in the relay will be neutralized by the current in the 
other direction, and so the effect of the outgoing current 
will be nothing ; but when the current in the coil leading 
to line is reinforced by a current from the distant sta- 
tion, it overbalances the current in the other cOil and 
gives the signal. The only other popular and much- 
used system of duplex is what is known as the bridge 
duplex. In it the receiving instrument is placed in the 
■cross-wire of a Wheatstone bridge, and the connections 
are arranged in accordance witli that well-known prin- 
ciple. The success of both the differential and bridge 
■duplexes is due to the improvements made by Mr. Joseph 
B. Stearns. 

224. Oive a bHef history of the duplex, naming its successive 
. improvers and inventors. 

The first to broach the idea of using one wire for the 
simultaneous transmission of two messages was Mr. 
Moses G. Farmer about 1853. Dr. Gintl, director of the 
Austrian State Telegraphs, was, however, in 1853 inventor 
of a practical duplex system, which was the parent stem 
■of the present differential systems. He used a differen- 
tial relay, of which one coil was traversed by the line 
current, and the other by the current of a local equating 
battery of opposite polarity, the combined effect being 
to hold the armature of the home relay still, and thus 
subject to the action of the current coming from the dis- 
tant station. It was very rudimentary, and was in rapid 
succession followed by the duplex systems and improve- 
ments of Prischen in 1854 ; Gintl, in a chemical duplex, 
which was practically operated in 1854 between Yienna 
and Linz ; Nystrom, of Sweden, in 1856, whose princi- 



244 Kl.ECTKICITY, MAGNETISM, AND TELEOHAPIIY. 

pal iinpiovement was to maintain the connection between 
the line and earth always unbroken by means of a cir- 
cuit-preserving key ; Mr. \V. H. Preece, of England, in 
1855 and 1856 ; Siemens and Halske's two-relay method ; 
Zur Nedden in 1855, and Farmer in 1858. All of these 
different improvements, however, fell flat, chietly because 
the time for them had not ari'ived, and the science of 
telegraphy waa not developed to such an extent as to 
require a satisfactory system of duplex telegrajjhy. 
Hence all these methods were looked upon merely as 
electrical curiosities. In 1863 the interest in this branch 
of telegraphy seemed to revive, and Maron, a Prussian 
telegraph inspector, effected another improvement by 
which the receiving instrument was placed where it 
would not be acted upon by outgoing currents. Fris- 
chenalso, in 1863, improved his former method. In 1868 
Mr. Joseph B. Stearns, of Boston, commenced a series 
of experiments with the duplex of Siemens and Halske, 
and was soon so successful that duplex telegraphy, 
which had now become a necessity, was roused from the 
torpor which had hitherto crippled it, and was rapidly 
brought into general use. He applied a transmitter in a 
local circuit instead of the old key, and caused it to 
make the contact of the battery with the line before the 
interruption of the contact between the line and the 
ground. He made this transmitter act also as a sounder, 
so that the American operator, accustomed to hear his 
own sending, could be thus accommodated. He subse- 
quently connected a condenser to the rheostat, forming an 
artificial line, and thus balanced the static charge which, 
came from the line when the line was changed from bat- 
tery to ground. Mr. Stearns also introduced his trans- 
mitter and condenser into the bridge system, where the 
receiving instrument is placed in the cross- wire of a sys- 
tem of circuits and resistances, arranged at each station, 
on the plan of the well-known "VVheatstone bridge. The 
receiving instrument is thus placed beyond the range of 
electrical impulses originating at its own station, whilB 
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fi-ee to respond to tliose caused by tlie distant station. 
Tliia is widely used and known univei-aally as the bridge 
duplex. The success of Mr. Stearns spurred up many 
inventors, and duplex telegraphs, each having featiires 
more or less meritorious, were brought out by the follow- 
ing well-known electricians : Gerritt Smith ; Vaes, of 
Rotterdam ; G. K. Winter, of India ; George D'lnfre- 
ville, J. C. AVilson, C. H. Haskins, T. A. Edison, and 
others. Duplex telegi'aphs are still being produced, 
although the quadruplex has greatly diminished their 
importance. 

225. Give a short description of the entire principle of the 
Steams differential duplex. 

The differential relay, as heretofore explained, is a re- 
lay the magnets of which are wound with two separate 
wires of equal length and size, and consequently of equal 
resistance. Such a relay is employed ; and tlie wire from 
the main battery, which is controlled by the transmitter, 
is connected with the leading-in wire of one coil, and 
with the leading-out wire of the other coil, so that when 
by the action of the transmitter the battery is thrown 
on to the main wire of the relay, the current circulates 
round the soft-iron core in both directions at once, and 
the magnetic result in the core is consequently nothing, 
so long aa the home Current only is employed. One of 
the wires leading from this relay is now connected to 
the line-wire, and the outer end of the other is con- 
nected to a rheostat or resistance-coil of approximately 
the same resistance as the line. It will be observed, 
therefore, that the respective differential circuits of the 
relay are both extended, the one through a long line 
to earth, the otlier through a resistance to earth. It 
was one of the old difficulties that when the contact of 
the line to earth was interrupted a momentary break 
occurred before contact with the battery was made ; Mr. 
Steams so arranged his transmitter that the contact of 
the battery was made before that of the line with the 
earth was broken, much as Nystrora had done in 1856. 
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The transmitter is operated by a local circuit and an 
ordinary Morse key, and its entii'e oMce is to alternately 
put the line to battery and ground.* 

It was found that when the battery was connected to 
the line, the line became statically charged, and when it 
was put to earth this charge returned throiigh the relay, 
causing it to give a "kick," Stearns saw that all' the 
conditions of a line of telegraph were riot fulfilled by his 
balancing resistance- coil, and he accordingly devised thp 
attachment of a condenser around the rheostat or resist- 
ance-coil which formed the artificial or balancing line. 
This added the missing feature, electro-static capacity, 
witli the result that when the line was charged the con- 
denser connected to the a;rtificial line was also charged, 
and when the line discharged through one wire of the 
relay the condenser discharged through the opposite 
wire, thus balanc- 
ing the forces and 
neutralizing the 
"kick." 

Figure 86 is a 
theoretical dia- 
gram of one star 
tion, ari'anged for 
diiplex transmit- 
sion,with the local 
connections omit- 
ted. T is the trans- 
mitter, operated by a local battery and key, K, and con- 
necting with the relay, B ; this is wound differentially, 
the wire leading from the transmitter dividing at the 
point H, one division traversiug tlie selay in one direc- 
tion and leading to line B, and tlie other passing 
through the relay in the opposite direction, and tlirongh. 
a wire, A, and rheostat, X, to ground. The transmitter is 
also grounded by a wire extending from ils lever to the 

of tJie trans ni it tpr is now ascribi^d to Fsrmer. 
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ground-mre. Tlie condenser, I, is shown connected as a 
shunt to the rheostat, and is united on one side to the' 
wire A at a point between' the relay and rheostatj and 
on the other side to earth. 

The differential' relay, being, as we have described, ir- 
responsive to the impulses' of the transmitter at its own 
station, yields readily to those sent from the distant sta- 
tion, because the currents passing through the line-coil of 
the relay are reinforced by the current coming from the 
distant point, and thereby predominate over that part of 
the current which passes through tile artificial line ; 
magnetism in the relay-core ensues, and the signals are 
prodiiced. 

226. Give a general description of the bridge duplex. 

The bridge duplex- is' simply an arrangement of cir- 
cuits, in which the receiving relay is placed in the cross- 
wire of a Wheatstoue bridge or balance. It is well 
known that tlie Wheatstone bridge is usually repre- 
sented by a diamond-shaped parallelogram, with two of 
the opposite corners connected I'espectively to the two 
opposite poles of a battery ; the other two opposite 
corners beitig connected by a cross-wire having a gal- 
vanometer in circuit. In such an arrangement of circuits 
no current passes through the cross-wire, provided the 
resistances of the opposite circuits on each side are 
either eCfua!], or are in the same ratio, one to the other. 
It is, of course, immaterial what form the arrangement 
of tlie circuits really is in, if the connections are sub- 
stantially as indicated here. 

The foregoing principle is utilized in the bridge du- 
plex. Figure 87 shows in diagram the theoretical ar- 
rangement of the bridge duplex. The battery is con- 
nected through the transmitter, K (which in practice is 
similar t6 that of the differential duplex), to the point, 
H, where the circuits diverge to form the arms of the 
bridge ; between this point and the cross-wire, on each 
side, are placed adjustable resistances, A and B, thus 
forming the first t^o arms of the bridge ; the line L to 
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the distant station, and there to earth, ia the third arm, 
while a rheostat, R, looped by a condenser, C, is the 
fourth arm. The relay, M, is placed in the cross or bridge 
■wire, V and W are small resistances placed in the cir- 
cuit to prevent any short-cii'cuiting of the battery, and 
also to avoid variation of resistance when the line is 
changed from battery to ground, or mce versa. 
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The four resistances are adjusted to a suitable ratio^ 
so that the relay does not respond at all to the outgoing' 
current, while it must respond to the incoming current, 
since a certain portion of that current must necessaiily 
pass through it to eaith. The condenser in this system, 
is adopted for the same reason as in the differential sys- 
tem — namely, to countei-act the effect of the electro-statie 
■discharge from the line by a similar one in the opposite 
direction from the condenser. 

The great advantage of the bridge is that it can bw 
readily used with any character of apparatus, from » 
relay to a Thomson galvanometer. It is also less likely 
to suffer injury from lightning tlian is tlie differential. 

Ordinarily for long circuits the differential is to bo 




\ ^preferred, because with a given amount of battery a 
ratronger working current and a greater magnetic force is 
p -developed in the receiving instrument. 

227. What has been done towards duplicate transmiggion in 
the same direction i 

The first attempts in this direction were made in 1S55 
by Dr. J. B. Stark, of Vienna, and by Siemens, of Gfer- 
many ; these were shortly after succeeded by Kramer, 
-and subsequently by seveml othera. None of these sys- 
tems was ever brought to practical application, although 
.all were most ingenious and beautiful. 

A description of the method of Stark will suffice, as 
.showing the genei-al tendency of all. Two keys are, of 
-course, required at the sending station, and two receiving 
relays at the receiving station. Four conditions are 
therefore to be provided for — namely, Ist, when No. 1 
key is closed and the other open ; 2d, both keys closed ; 
3d, No. 3 key open and No. 1 closed ; and, 4th, both keys 
open. Dr. Stark accomplished this by sending with key 
J No. 1 a comparatively weak current, and with No. 3 key 
I stronger current, while wlien both keys were closed 
L the combined currents were sent ; finally, when both 
keys were open no current was on the line. He ar- 
unged at the receiving station two relays, so constructed 
that when the weaker current was sent one relay would 
respond, and when the key sending the stronger current 
was depressed the other relay would respond ; while 
_ -when both keys were opeiated both relays would re- 
Bqkpond. This was effected by adjusting the relay work- 
Hing with the strong current with a retractiug spring of 
^bligh tension, so that its armature would not move with 
Bf-he weaker current. When, however, the other key was 
B^depressed, the armature of the relay moted, and not 
-only closed the circuit of its own register or sounder, 
but also closed the circuit of another or auxiliary bat- 
tery, causing a current to circulate round the coils of the 
H^rst relay which is differential but in an opposite direc- 
^Kion to that of the line current; the armature of that 
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relay is thus held quiescent. When both keys are ope- 
rated the current passing through the coils of the first 
relay, or that responding to the weak current, is strong 
enough to overcome the local current in its other coil, 
and it alao responds. 

Serious difficulties developed themselves in this system, 
as in otliers of the same class ; and not until the practi- 
cal introduction of the Stearns improvements on the du- 
plex was this idea made thoroughly practical. 

328. What is the quadruplex f 

Tlie quadruplex is the name given to the apparatus 
and method whereby four messages may be transmitted 
upon one wire simultaneously, two in one direction and 
two in the other. 

829. How far back does the idea of a quadruplex date, and 
to u-hoin is Ha first conception due f 

It dates back to 1856, when Stark, wliile experiment- 
ing on the problem of double transmission in the same 
direction, saw that upon the successful solution of that 
problem depended that of the greater problem of quad- 
ruplex telegraphy. His description of his proposed 
method of simultaneous transmission in the same direc- 
tion concludes with the following memorable words : 
"With the method of double transmission in the samft 
direction we may also combine that of counter or oppo- 
site transmission ; and hence arises the possibility of 
simultaneously exchanging four messages upon one wire 
between two stations, which will, however, hardly find 
any application in practice." Dr. J. Bosscha, Jr., of 
Leyden, also, about the same time foresaw the ulti- 
mate result of a successful system of double trans- 
mission in the same direction, and in a paper read before 
the Royal Academy of Sciences in Holland, in 1855, 
after describing his own method for the accomplishment 
of that feat, he proceeded to outline a method of achiev- 
ing the greater result. He simply proposed to add to 
his mvn system the duplex of Siemens and Halske, Ot 
of Friachen. It is very evident, therefore, tliat both df 
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these inventors recognized the fact that quadroplex tele- 
graphy dejjended entirely upon a snccessful system for 
double transmission in the same direction. 

230. miat 18 the origin and principle of the American gwod- 
ruplexf 

It originated in experiments made in 1874 by Thomas 
A. Edison, in association with George B, Preseott, with a 
view of improving the Stearns duplex. While engaged 
in this work Mr. Edison devised a new method of double 
ti^ansmisfeion in the same direction, which was more 
practical than any of its predecessors, and at tlie same 
time differed essentially from them. His method was, 
like the discovery of Amei-ica, simple enough when 
known, and consisted in combining the system of tele- 
graphy known as the double-cnnent system, wlierein 
the telegraphic signals are transmitted by rapidly re- 
versing the poles of a battery which is always kept on 
the line, so that the cun-ent is constantly alternating in 
direction from positive to negative, and vice versa, wiih 
the single-current system, wherein transmission is ac- 
complished by breaking and closing of the circuit, but 
in this case the current is simply made to increase and 
decrease. Thus two distinct qualities of electricity, 
direction or polarity, and strength, are nlilized, and an 
entirely new method of double transmission in the same 
direction was the result; As foreseen by Stark and 
Bosscha, it was now an easy matter to apply to this 
new method the Steams duplex, or indeed any other 
practical duplex ; which was accordingly done, giving 
to the world the far-famed quadruplex. 

It was ascertained by practical experiment that the 
bridge duplex was better adapted to the conditions 
necessary for success than the differential, and the 
bridge was therefore employed with the earlier com- 
bined systems. In practice two transmitting instru- 
ments were set up at each end of the line, both worked 
by an ordinai-y Morse key. opening and closing a local 
battery circuit. One transmitter, the one nearer to the 
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line, operated simply as a pole-clianger without regard 
to the strength uf battery used. The otlier opei-ated, 
when dejiressed, to add to the ordinary battery about 
three times as many cells as it would usually have, so as 
to increase the strength of current correspondingly, iiTe- 
spective of the polarity. A certain amount of battery 
was to be always in circuit. These transmitters were 
placed in the circuit of the wire leading from the battery 
to the bridge. In the cross-wire of the bridge, at each 
end of the line, were placed two relays : one a polarized 
relay, responding only to the sending of transmitter No. 
1 at the opposite end, or the pole-changer ; and the other 
a relay with a neutral or non-magnetic armature, which 
responded only to the sending of the transmitter No. 2, 
which increased or decreased tlie battery. By the use 
of this apparatus it was made possible to send two 
messages from each terminal station at the same time, 
and consequently to receive at both stations an equal 
number. An old annoyance, however, showed itself here. 
The moment of change of polarity, when the polarized 
relay was being operated, would affect the neutral relay, 
causing it, if occurring at the same time that the neuti-al 
armature was attracted, to make a false break. To 
remedy this defect Edison caused the armature-lever 
of his neutral relay to make contact on its back limit- 
stop, closing a local circuit which included an electro- 
magnet. This electro-magnet in turn closes the sounder 
circuit by making contact on its back stop. By thus 
interj)osiiig a local circuit the interval of noii-magne- 

f tism was made too brief to affect the sounder. He 
also incorporated an additional electro-magnet and a 
condenser, looping a rheostat placed in tli? bridge- 
wire, to overcome the effects of the static discharge 
upon the neutral relay. These devices were, how- 
ever, cumbersome, and not always effectual, and, 
though tlie quadruplex was at this time a tolerable 

. success, it left much room for improvement by subse- 
Bent inventors. 




231. What changes and improvements have been made in the 
quadruplex since its introduction f 

The changes in the working arrangement of the qnad- 
ruplex have been numerous and important ; and although 
many of them have been the result of careful and pains- 
taking thought and exhaustive experiment, curiously- 
enough, at the present time, after a fair trial of the nu- 
merous modifications, the entire system in its essential 
features is much the same as when fiist made public. 

The improvements referred to were, of course, made 
with a view of simplifying the apparatus and arrange- 
ment, and of obviating certain faults which had showed 
themselves. In place of the bridge it was found possi- 
ble to substitute the differential-circuit arrangement. A 
compact double-current transmitter was devised, and 
certain receiving instruments were brought into use, 
which, while comprising features of great novelty and 
ingenuity, unfortunately introduced the element of com- 
plication. The new double-current transmitters have 
been made extremely simple, and yet capable of the 
most accurate adjustments, so that the current of one 
polarity does not cease till that of the opposite polarity 
commences to flow, while at the same time the time that 
the battery is placed on short circuit is reduced to an 
inflaitesimal period. 

The receiving relays were, as already indicated, some- 
what complicated, a polarized relay replacing the neu- 
tral relay of Edison. This was so arranged with contact- 
levers that at all times when the entire force of tlie 
batteries was ou the Hue its local circuit was opened, 
because the armatui-e was either drawn to its full ex- 
tent in one direction or the other, in either case open- 
ing the local circuit. When, however, Ihe battery cur- 
rent on the line was decreased or withdrawn by the de- 
pression of the proper key, the armature, not being so 
forcibly attracted, would stay in the centre, being held 
there by its contact-levers, at the same time closing 
the sounder circuit. Tlie other relay was, of course, 
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also polarized, and responded to the movements of 
the double-cuiTeiit transmitter only, closing its local 
sounder circuit only when its armature was drawn to 
one particular side by a cun^ent of definite dii'ection, 
whether that cun-ent be strong or weak. Thus both re- 
lays were by this plan polarized, pne doling its local 
circuit when drawn to one side and opening it when 
dpawn to the other side, and the other closing its cir- 
cuit only when a weak current was on the line, and 
breaking it the moment a strong cunent was trans- 
mitted. The principal defect in tlie original quadra- 
plex—namely, that of allowing the nt;utral relay to make 
a false break at the moment when the direction of the 
current changed — was thus overcome. Subsequently it 
was ascertained that a small neutral relay with short 
cores was capable of being reversed with stifflcient 
rapidity to answer every requirement, and such a relay 
was then made to replace the double-tongued polarized 
relay, thus bringing the quadi'uples back almost to its 
original form. 

The usual arrangement of the quadrupiex as now 
operated includes the neutral relay, and has a con- 
denser between the main and artilicial line. The differ- 
ential system is also preserved. 

In New York dynamo -electric currents are used ; and 
in conjunction with them it lias been found necessary 
to employ an entii'ely novel key system, the ordinary 
quadrupiex key system not being suitable. 

Probably the longest circuit in the world working 
quadrupiex all the way through is that between New 
Tork and North Sydney, C. B., via Worcester, Port- 
land, and Bangor; a repeater being in circuit at the 
latter place, the entire distance being about twelve hun- 
dred miles, and the line built of 'Ko, 4 galvanized iron 
wire. 

232. ir7(o( IS the electro-harmonic system of telegraphy f 

It is a telegraphic system based upon the facts that 
leal tones produced by the vibration of an electro- 
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' tome or circuit- breaker may be transmitted through a 
telegraphic circuit, and reproduced at the other end of 
the line in tones of like pitch, by the vitiations of suit- 
able armatures ; and that by employing a set of circuit 
interrupters or changers, eacli acting by rapid vibration 
to produce a distinct musical tone of a pitch different 
from the others, and transmitting the said tones, suc- 
cessively or simultaneously, over a single circuit com- 
mon to all the circuit- breakers, and through a series of 
electro-magneta fitted, instead of armatures, with steel 
ribbons rigidly fixed at one end and provided with 
turning-screws at the other, so as to give them the 
proper tension, each of these ribbons being tuned to give 
out the same note as its corresponding circuit- inter- 
rupters, each receiver will analyze the tones transmitted 
through it, pick out its own, and allow the others to 
pass without interference or interruption to their re- 
spective receivers. 

The method of applying this system to telegraphy is 
well explained in an article prepared under the super- 
vision of Mr. Gi'ay (who has been the chief inventor in 
tliis application of electricity) for the New York Review 
of the Telegraph and Telephone, and also in a lecture 
delivered before the New York Electrical Society, April 
6, 1883, and subsequently published in the New York 
Operator. 

The following description is chiefiy drawn from these 
sources : 

A liattery, P„ P„ P„ P., Figure 88, united on one side 
to the ground, sends in line L an electric current which, 
at the receiving station, crosses seriatim a certain num- 
ber of electro-magnets — four, for example, E„ E„ E„ E.. 
Before these latter are placed tlie reeds B„ B„ B„ B„ 
and, under the influenc*" of the variations of the intensity 
of tlie current, each electro-magnet puts in vibration, 
like the diaphragm of the telephone, a corresponding 
reed. Further, the four reeds, fixed permanently at one 
of their extremities, are regulated in such a way as to 
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give in vibrating four entirely distinct tones; conse- 
quently eacli of them is only affected by the vibrations 
of the current wlien these variations are in accord with 
the number of vibrations which correspond to it. 

On the other side the battery of the sender is divided 
into four groups, and upon each of these groups is dis- 
posed a derived circuit, including a vibrating reed and a 
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key for making and breaking the contact. There are 
thus fonr vibrating reeds, vibrators V„ V„ V„ V„ and 
fonr contacts, C„C,. C,, C,. Each time that one of the 
vibrators touches its contact the circuit from the corre- 
sponding battery is shut off and the current is dimin- 
ished ; when the circuit is again cot on the current re- 
sumes its first intensity, but tlie vibrators set in action, 
each by a special magneto-electric system, are constantly 
driven by a determinate vibratory movement, and the 
number of vibrations of each of them is the same as that 
of one of the reeds of the receiving apparatus ; that is to 
y, that V, will have a number of vibrations equal to 
I that of the tone which gives B„ V, the n^lmber of vibra- 
' ms corresponding to the tones of B„ etc. Each vibra- 
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f tor will determine then in the ciirrent very rapid vibra- 
tions, and will produce a seiies of electric waves in 
relation with the nnmber of vibrations which it effects. 
All the vibrators being in action at the same lime, there 
■will pass, consequently, in the line fonr series of distinct 
electric waves ; and each of these series of waves find- 
ing at the receiving station a reed in harmony with it, 
under its influence all the reeds, B„ B„ E„ and B,, will 
enter into vibrations. 

If now one of the vibrators is stopped the series of 
electric waves which conespond with it would be sup- 
pressed, and i^he corresponding reed ceases to vibrate. 
If two. three, or four of the vibrators are stopped the 
arrest of two, three, or four of the reeds will be effected. 
These arrests will be heard at the receiving station ; and, 
by making short and long stops, a sort of Morse alpha- 
bet can be arranged to transmit simultaneously four 
different despatches. 

What we have said represents, in short, the harmonic 
system of transmission invented by Mr. Gray ; bnt it 
is evident that in practice special arrangements must 
necessarily be taken to assure good results. We wish 
now to indicate these arrangements, after having de- 
scribed in detail the different apparatus employed. 

We will describe, in the first place, the receiving ap- 
paratus, and will indicate how, in the place of producing 
signals by means of stops in the sound of the receivers, 
these stops are transformed into electric contacts sus- 
ceptible of producing ordinary electrical signals. 

The receiver, with its local sounder, battery, and con- 
nections, is represented in Figure 89. To the left of the 
vibrating end of the reed is a supporting piece holding a 
small bent lever, called a rider, which is neaily balanced 
at A, and having its bent end resting lightly on the reed 
at E. The local circuity starting from the battery, B, 
travels through the sounder, C, enters the reed at D. the 
rider through the contact-points. E, and fhe wire again at 
A, thence back to the other pole of battery B, When 
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the reed ia in vibration the local circuit is virtually 
broken at E by the ridei' being kicked off, and so much 
i-esistance put in at that point by reflson of the very im- 
perfect contact. The instant the reed comes to rest the 
adjusting spring pulls the rider down and closes the 
local circuit. 

Consequently, when at the transmitting station all the 
vibrators act upon the battei-y, all the soiinder cu'cuits 
are opened. li, on the contrary, one of the vibi-atora 
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stops, the sounder circuit of tlie coiTesponding reed is 
closed. The arrest of a vibi-ator then acts on its corre- 
sponding sounder as that of a Morse key would act, in- 
serted with it, in the circuit of a battery. 

The vibmtor is represented by Figure 90. Tlie electro- 
magnets, AandB, have respectively one and thirty ohms 
resistance. The current of the battery, passing tlirongh 
the coils of the two electro-mn^ets, magnetizes them 
simultaneously, but on account of the greater nnnibet of 
convolutions tlie electro-magnet A is the stronger. It 
thus attracts the steel tongue which hangs from a fixed 
point between tlie magnet-cores. This tongue then 
makes contact by means of the spring D with the point 
C, establishing a shunt circnit round the magnet A, 
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round which the current may now pass. Tlie electro- 
I magnet B becomes consequently stronger, and in its 
turn attracts the tongue until the spi'ing F makes con- 
tact with the screw E. The contact B being broken 
anew, the electro- magnet A again attracts the stei?l 
tongue, and thus lapid motion is maintained. Tlie 
tongue is then maintained in vibration, which Ja regu- 




lated according to its fundamental tone. The contact F 
represents one of the contacts indicated in Figure 88 by 
the letters C„ C,. C„ and C,. 
In the disposition of Figure 88, when the vibrator ia 
L in action by the operation of the battery which corre- 
sponds to it, it enfeebles this part of the battery in a 
proportion of about sixty per cent. When the vibrator 
is stopped its group of battery resumes all its force, 
and will tend to increase the intensity of the cun'ent in 
the line. With four vibrators, several among them be- 
ing liable to be stopped at the same time, the changes of 




intensity would be very considerable and would injure 
the results derived from tlie system. In order that this 
latter effect may not take place it is necessary, at the 
same time that a vibrator be stopped, to suppress from 
the circuit the sixty per cent, of the group of the cori'e- 
Bponding battery, in order to produce on the general cur- 
rent the same effect as the vibrator when it was in action. 
To attain this result Mr, Gray, instead of stopping the 
vibrator by opening the local cii-cuit, which is the idea 




"Which presents itself naturally to the mind, produces 
this arrest by the aid of a special disposition called the 
transmitter, and represented by Figure 91. The princi- 
pal part of this disposition ia a lever of brass, A. It is 
terminated at one end in the form of a T. A spring, E, 
insulated by a piece of ebonite, is placed on the upper 
part of a lever, and a second spring, r, is in communica- 
tion with the lower part. These two springs impinge at 
their extremities npon a branch of tbe T when they are 
not removed from it by one or other of the regulating 
Taces, B and S. An electro-magnet, moved by the local 
batterj', p, and a key, A\ is placed above the armature of 
lever. 




One of the extremities of the main battery is in com- 
munication with the axis, O, of the lever, tlie other with 
the vibrator and alao with the adjoining inatmment ; 
tlie spring E. is nnited to the line ; the face S communi- 
cates with the contact, C, to the vibrator. Finally, face B 
13 in relation with a point of the battery dividing this 
battery into two parts, which should be in ratio of sixty 
to forty. 

In the position indicated by the figure the negative 
pole of the battery communicates with the line by the 
lever, A, and the spring, R ; the positive pole communi- 
cates with the adjoining instrument. The contact, C, is 
thus in relation with the negative pole of the battery. 

Then happens the arrangement shown in Figure 88, 
and the movements of the vibrating tongue act upon the 
battery to produce an undulatory current and to weak- 
en this group about sixty per cent. It is so when the 
key, k, remains open ; but when this key is closed the 
lever is attracted by tlie magnet, the spring /".abandons 
the face S, and the spring R is supported upon the con- 
tact B, but ceases to touch the T of the lever. 

The portion of the battery to the left of B is then ex- 
cluded from tlie circuit, and it is only the portion at the 
right, or forty per cent, of the battery, which sends its 
current one way in the line by B and R, and the other 
way in the other adjoining tranfjiiitrers by m. The sum 
total of the current has not clianged, and the closing of 
Jc has the eSect simply of suppressing the series of elec- 
trical waves corresponding to the vibrator, V, and conse- 
quently of stopping the corresponding vibrating reed. 

It might be asked why the depression of the lever, 
A, is accomplished by the aid of a local circuit instead 
of being depressed directly. The reason for this is in 
the fact that the pressure of the hand would be very 
L unsteady and the contacts would be irregular ; with the 
I Attraction of an electro-magnet, however, on the other 
f hand, the force producing t!ie depression is always the 
I same. If now the instruments are connected up in the 





Itpermits the trans- 
mission of four de- 
spatches simuita- 
neonsly in a sin- 
gle direction — that 
is to say, from the 
transmitting 
tion to the receiv- 
ing station ; but it 
that 
the employees at 
the receiving sta- 
tion be able to 
communicate with 
those at the trans- 
mitting station, in 
onler to be able to 
respond to the calls 
or to make correc- 
tions. 

As shovra in Fig- 
ure 92, a differ- 
ential relay is nsed 
at the sending sta- 
tion and a plain 
relay at the receiv- 
ing station, each 
having a condenser 
in a shnnt circuit 
around it to permit 
the vibrations to 
pass without be- 
ing retarded or interfered with by the charging and dis- 
charging of the magnets. The compound transmitter at 
the receiving station will need some exiilanation. The 




two springs, S s, are both insulated from the lever by 
ebonite and connected together; the upper branch of 
the T is insulated from the spring S at E, and the lower 
Bpring, s, is insulated from the point c at e. The upper 
point C is connected directly to ground. R and R' are 
adjustable resistances. R" is the artificial circuit or 
equating resistance. When all are sending from the 
sending station, the cuiTent, after passing through the 
tone and simple relays, reaches ground through R' ; 
that is to say, the circuit in its normal state has the 
artificial resistance of R' constantly interposed. When 
it is necessary to break, which is done by operating the 
compound transmitter by one of the keys, the resis- 
tance R' is thrown out of circuit and the current on 
the line is augmented in proportion to the amount of 
resistance contained in R', which has been thrown from 
the circuit. The increased line current then divides at 
D, part of it going through the relays and the transmit- 
ter to ground from the point C, and part of it through 
R, the transmitter, and the point C. Tlie resistance R is 
adjusted to shunt off part of the increased line current, 
and so maintain an unvarying strength through the re- 
lays regardless of the position of the transmitter lever. 
This decrease of resistance, howevei', tlirows the line out 
of balance and operates the relay N at the sending sta- 
tion, where the signals transmitted by any one of tlie 
breaking keys are reproduced. We thus have a sixth 
transmission in a direction opposite to the other five, 
and in practice the sixth side is used for breaking and 
other service work. As will be seen by reference to 
Figure 10, each receiving operator has a breaking key, 
and all of these work the compound transmitter, which 
operates the relay N at the distant station. This relay 
in turn controls as many sounders in its local circuit as 
there are sending operators. The sections are numbered 
in regular order from one to five at each end. When, 
fc for instance. No. 2 receiver wishes to break No. 3 sender, 
I he simply makes the figure 2 on his key, which is heard 

Li 
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on all the sounders at the other end, but only No. 2 
sender stops work to get his break. Two or three boors' 
practice enables any operator to become accustomed to 
this method. 

Condensei's are placed in derived circuit upon each 
resistance. They have the effect of compensating the 
extra currents which are produced in the coils of the re- 
sistance, and which retard tlie undulatory currents ; in 
fact, they play the same role as in the RuhmkorS or 
Ritchie induction-coils. 

In Figure 93 the four groups of the battery are repre- 
sented as being equal. In practice they are not so. All 
the groups are divided by the line running to the con- 
tact surface B, in two parts, which stand to each other in 
tile ratio of sixty to forty ; but the absolute value of all 
the groups is not the same. The reason for this is in 
the fact, demonstrated by experience, that four pulsa- 
tory currents, produced by the action of four vibrators, 
-are not produced with equal facility. The electro- 
motive force necessary for their production is not the 
same for all ; hence the necessity for making the groups 
of different value. 

The Harmonic system of Mr. Grray has been exjieri- 
mented -ivitb in this country from the 22d of November, 
1880, to the 22d of January, 1881, ujion the Hues of the 
Western Union between New York and Boston, over a 
distance of 240 miles. The trial was made under un- 
favoi-able circumstances, for the line employed was in 
the vicinity of other lines upon which nine quadmplex: 
circuits were working, and the currents of these instru- 
ments created difficulties in the way of induction in the 
neighboring wires, by reason of the employment of 
strong batteries and frequent changing of the poles of 
the battery. In one of the experiments five employees 
have transmitted, in the space of nine hours, 2,124 de- 

tannfiches, or 236 despatches in all per hour, or 47 de- 
hes i)er operator per hour. Another time four 
rees, chosen among the best, transmitted, in five 
ft^ ^ 



MULTIPLE TELEGRAPHY. 265 

hours, 1,184 despatches, or 59 per employee per hour. 
After these experiments, the franchises required )by a 
company which is occupied with the construction of 
special lines to operate in competition with the exist- 
ing telegraph companies in this country, were acquired. 
The Duplex, or Way Harmonic, which is a modification 
of the system which we have just described, is already 
•employed on several railroads. 

At least five experimenters worked in the line of Har- 
monic telegraphy during the years between 1870 and 
JL876 inclusive — viz., Varley of London, La Cour of Copen- 
hagen, Gray of Chicago, Bell of Boston, and Edison of 
]New York. And, although Mr. Varley was the earliest 
in the field, Mr. Gray has done so much to develop Har- 
monic telegraphy, and make it not only practicable but 
also practical, that it seems but fair to award him the 
-greatest share of the credit.* 

♦Since the above was written the Harmonic system has successfully 
i)een operated over the low-resistance compound wire of the Postal Tele- 
.^^raph Company between New York and Chicago, a distance of one thousand 
.and twenty miles, without the intervention of repeaters. 
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MISCELLANEOUS APPLICATIONS OF ELECTEICITT — ELEC- 
TUIC LIGHTING. 

233. To u-hat useful arta, besides telegraphy, has electricity 
been applied i 

It is impossible in a work of this general nature to 
enumerate all the useful applications of electricity ; its 
principal applications are, however, the following i elec- 
tric lighting, electro-plating, electro-typing, bell-ringing 
and signalling, telephony, medical applications, or theia- 
peutics, clocks, blasting, and gas-lighting. 

234. What is the electric light, and under what division* 
may electric lights be classed t 

By the electric light is meant any light produced by 
the action of electricity, and all ancli lights up to the 
present time may be regarded as belonging to the fol- 
lowing divisions: arc lights, incandescent lights, and 
semi-incandescent lights. The so-called electric candles 
are, properly speaking, but a special variety of the arc. 
£35. ^^hat is the arc light f 

It is the extremely brilliant light produced when the 
two conductors leading from the 
poles of a powerful source of elec- 
tric! ty are brought together so as 
to complete the circuit, and then 
slightly separated. It is, as shown 
in Figures 93 and 94, of curved 
form when produced in the open 
air, by means of horizontal elec- 
trodes, and is for that reason originally called an arc. 

Tlie more powerful the source the greater may Ije the 
length or simn of the arc, and the more intense and bril- 
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liant the ligbt emitted by it. If the two severed ends of 
the circuit are made of carbon, and pointed, the effect is 
materially augmented. The arc is supposed to originate 
in the passage between the electrodes of the self-in- 
diiced extra current, which attempts to leap from one 
carbon to another, and in doing so volatilizes a small 
amount of carbon. The carbon vapor thus produced has 
a very high resistance, and, while capable of conducting 
the current, becomes heated by its passage, the carbon 
points also growing hot. Numerous small particles of 
cai'bon are then thrown from one pole of the arc to the 
other, and during their transit become incandescent, 
thus aiding in the illuminatiem. The direction in which 
the particles move is dependent upon the direction of 
the current ; that is, from the electrode or conductor 
leading from the positive, to that leading from the nega- 
tive pole. 

The positive terminal of an are light is much hotter 
than the negative, and is consumed much faster. Wlien 
enclosed in a vacuum, the consumption of both elec- 
trodes is much less rapid than when the arc is exposed 
to the air. 

For illuminating purposes the electrodes are nearly 
always made of carbon. The color of the luminous arc 
depends on the material of the electrodes : for example, 
carbon produces a white, copper or silver a green, and 
sodium a blue light. The electricity traverses the arc, 
wMch is, therefore, a part of the circuit. 

The arc was first produced by Sir Humphry Davy, by 
means of large voltaic batteries, from which the name 
voltaic arc, often applied to it, is derived. 

The following lines are transcribed from the work of 
Professor Silvanus P. Thompson : " The resistance of 
the arc may vary, according to circumstances, from five- 
tenths of an ohm to nearly one hundred ohms. To pro- 
duce an electric light satisfactorily, a minimum electro- 
motive force of forty to iifty volts is necessary ; and as 
tlie current must be at least from live to ten amperes, it 
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18 clear that tlie internal resistance of the battery or 
generator must be kept amall. With weaker currents, 
or smaller electro-niutive forces, it is impracticable to 
maintain a steady arc. Therefore the internal resis- 
tance of the ordinary Daniell or Leclanche batteries is 
too great to admit of their use in pi-odncing the electric 
light. A battery of forty to sixty Grove cells will an- 
swer the purpose, but will only work well for two or 
tliree hours. 

Had no other method of producing current electricity 
been discovered, the art of electric lighting would stUl 
have been only an electrical curiosity ; but the nume- 
rous forms of dynamo-electric macliines recently in- 
vented have made the production of the electric light 
comparatively cheap, and have given the art a great 
impetus. It will be readily seen, however, that to ap- 
ply the name voltaic arc to an electric arc produced by 
electricity evolved by a machine is a palpable incon- 
gruity. In Davy's 6xx>eriments, about the beginning of 
the present century, he produced a light with an arc 
four inches long, in tlie open air, by using a battery of 
Bome two thousand cells. 

236. What is an electric-arc lamp i 

An electric-arc lamp, frequently called a regulator, is 
a device or apparatus constructed for the purpose of 
maintaining the electrodes of the arc at their proper dis- 
tance from one another. Such a contrivance becomes 
necessary, because the carbons are continually burning 
away, and if some means were not adopted for carry- 
ing them forward, and keeping them at the prciper dis- 
tance apart, the light would soon be extinguished. 

Much ingenuity has been displayed in the' construc- 
tion of these lamps and regulators, and many extraor- 
dinary arrangements have been devised, only a few of 
which have survived and gone into extensive use. 

"In some of these the carbons are attached to guides 
act^lated by trains of wheels, which push them forward 
at the necessary speed. The wheels are put inaction ol 
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stopped, as the ease may be, by means of electro-mag- 
nets forming part of the electric circuit of the lamp. 
Most of these electric lamps are arranged so that when 
the lamp, from any cause, goes out, the carbons are 
brought into contact for !m iiialuut, ;md as soon as the 




current is thus re-establislied the carbons are drawn 
back to the required distance." * 

The movement whicli is most frequently used in 
America is one wherein the attraction of a solenoid, 
acting upon a raoyable iron core, regulates the dis- 
tance between the carbons. Sucli a lamp is that of C. 
F. Brush, which is shown in Figure 95, and which, be- 
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" Electric Light," by A. Bromley Holmes. 
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sides being capable of regulating the distance between 
the carbons, automatically sliort-circuits, or cuts itself 
out, when defective, thus permitting the current to flow, 
as it were, round the lamp in the main circuit. 

As this lamp is quite extensively used, its operation 
will be fully described. 

The circuits are shown in the diagram. Figure 96 ; the 
lower carbon, K', is fixed, and the upper one, K, is at- 
tached to a metallic rod which, by means of a washer 
clutch, W, is connected with an armature carried by a 




Fig. 9i. 



pair of plungers, arranged to slide in and out of a pair 
of solenoids, or helices of covered wire, H H. These 
solenoids are wound in multiple arc with two wires, 
which are wound ox)positely with respect to one another. 
The first of these wires is in direct circuit with the arc, 
and consists of a few layers of coarse wire, through 
which the main portion of the current operating the 
lamp passes to the rod of the upper carbon. The up- 
per carbon falls by the action of gravity against the lower 
carbon, and when the two carbons are together the cur- 
rent passes on from the upper to the lower, and thence 
out. 
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Entering the lamp at the binding post X, the path of 
the circuits, which are three in number, are as follows : 
The circuit through the lamp carbons is from the point 
1, by the parallel wires 2, constituting the coarae-wire 
helix round the solenoids, H, and by the wire 6 to 
the carbon-holder, N, and thus through the arc to the 
terminal, Y, and on to the next lamp. The second cir- 
cuit is composed of much finer wire, and. branching from 
the main line at the point 1, passes by the parallel wires 
3 through the solenoids, being in practice wound over 
the layers of coarse wire ; issuing from thence by the 
wires 4, it is led round the electro-magnet, E, and out to 
the binding-post Y by the wire 6. 

Thus the fine wire foi-ms a secondary circuit of high 
resistance through the lamp, which circuit :s indepen- 
dent of the arc between the carbons, and is always closed. 
It follows from the difference in direction of the current 
in the two helices, that the fine-wire helix will con- 
stantly t-end to neutralize the magnetism produced by 
the coarse-wire or principal lielix. The number of con- 
volutions of the fine-wire helix and its resistance are so 
proportioned to the number of convolutions in the prin- 
cipal helix, and its resistance together with that of the 
normal voltaic arc, that the magnetizing power of the 
latter shall be much greater than that of the former. 
Notwithstanding the small amount of current which 
passes through the fine-wire helix (about one per cent. 
of the whole current), its magnetic power ia very consid- 
erable owing to its great number of convolutions. 

Now, wlien the arc of any lamp becomes too long the ' 
resistance of its main circuit is thereby increased and 
more current is sent through the secondary or fine- wire 
coil ; the magnetizing power of the solenoid, of course, 
being thereby weakened, allowing the carbons to ap- 
proach. On the other hand, if the arc becomes tfio short 
its I'esistance is reduced, less current goes through the 
fine-wire helix, and the magnetic strength of the sole- 
noids are correspondingly increased. The plungers are 
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sucked into them, canying tlie armature, H, and lifting 
one end of the ring-clutch, \V, and the npper carbon- 
holder with it, and thus the arc is maintained. In prac- 
tice the reeistant'e of the fine-wiie helix or helices in 
each lamp is rather more than 460 ohms, while the re- 
sistance of the eoaj-se wire, various connections, carbons, 
and voltaic arc, in each lamp uaed with the sixteen-light 
machine, is about 4,5 ohms. Hence not more than 1 
per cent, of the whole current is diverted fi-om tlie arc. 
The resistance of the coarse-wire helix, carbons (copper- 
coated), connections, etc., in each lamp is very small. 
To determine this resistance 16 lamps were connected in 
series in the usual manner, about 2W feet of No. 10 cop- 
per circuit wire being used. Full length carbons were 
then placed in the lamps, and the upper and lower car- 
bon of each lamp were connected by means of a strip of 
sheet copper wired to each carbon. The resistance of 
the whole set was then measured and found to be 2.10 
ohms, showing a resistance for each lamp with its car- 
bons of 0.131 ohm. Tliis is 2.91 per cent, of the whole 
resistance of the lamp when in operation. To this 
must be added the 1 per cent, due to that amount of 
cuiTent diverted from the arc by the fine-wii-e regulating 
helix, making a total loss of 3.91 per cent. The remain- 
ing 96.09 per cent, of the whole energy absorbed in each 
lamp appears in the arc between its carbons. The third 
branch circuit through the lamp is only completed when 
the resistance in the arc becomes abnormally great, or 
when the arc from any reason fails. 

It constitutes the short-circuiting or cut-out devio^ 
and is operated by the electi-o-maguet, E. The core of 
this magnet is sun-ounded by two coils just like the 
solenoids, but, unlike them, its coils are both wound in 
the same direction. The fine-wire coil, as already de- 
scribed, is a continuation of the fine-wire solenoid helix. 
The thick-wire coil, which is oidy brought into action 
■when the lamp is to be cut out, starts from the stud, M' 
passes round the core, and then (inites with the terminal 
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wire 6 of the fine coil, passing out to Y, The armature, 
B, of the electro-magnet, E, connects by a suitable wire, 
7 R, with the screw-post, X, 

The armature-lever of the electro-magnet is suitably 
pivoted, and is united by the wire R, which may be 
made of any required resistance, to the incoming line- 
wire before it reaches the solenoids. If now the arc fails 
or if its resistance is excessively increased, a large pro- 
portion of the current goes through the fine wire of th& 
electro-magnet, which thus becomes more strongly mag- 
netic, and strong enough to attract its armature. The 
armature, being attracted, closes the circuit of the thick 
wire. If the trouble in the arc is permanent the short 
circuit is now maintained through the thick wire cutting 
the arc completely out. If, on the contrary, it was 
merely caused by the undue length of the arc, as soon 
as the short circuit is made throiigh the thick wire of 
the electro-magnet the solenoids lose their power, the 
upper carbon falls on the lower one, the electro- magnet 
in its turn is short-circuited, the solenoids resume their 
power, and the light is reinstated by reason of the car- 
bons taking their proper distance apart. The entire 
series of operations, though taking a long time to de- 
scribe, are the work of an instant, so that the light, 
though subject to continuous regulation, is practically 
maintained without any cessation, except when com- 
pletely disabled ; when it is immediately short-circuited. 

The lamp thus described, and all of the types treated 
of in the above explanation, are of course adapted only 
for the production of the arc light, and where other va- 
rieties of electric light are required other forms of lamp 
become necessary, 

237. What is ineant by the incandesc&it electric light f 

The incandescent light is that produced by the pas- 
sage of a strong current of electricity through an im- 
perfect conductor or a conductor of high resistance. 

It is based upon the principle that when such a cur- 
rent is passed through such a conductor the substance 
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of the conductor becomes lieated ; and if it be attenn- 
ated — as, for example, in the case of a piece of fine wire 
OP a thin carbon jjencil or filament— after a certain de- 
gree of heat ia reached, say above two thousand degrees 
Fahrenheit, it glows with light, the biilliancy of the 
light depending upon the strength of the current. 

liighting by incandescence has ever been a favorite 
idea of inventors and experimentalists in electric lighting, 
but only within the last few years can it be said to have 
achieved any important success. Contrary to the gene- 
ral opinion, this idea is by no means new, since as early 
as 1845 an American inventor named Starr patented in 
England a lamp which is shown in Figure 
97, and which was intended to o^iei-ate on 
this piineiple. 

This lamp consisted of a conducting wire, 
D, sealed into one end of a glass Torricellian 
vacuum-tube, and connecting with a carbon 
rod, A, whose lower extremity is in contact 
with a second conductor, C, whicli rests in the 
quicksilver, A non-conducting bar, B, car- 
ries brackets in wliich the carbons are sup- 
ported. The subject, after temporary re- 
vivals ill 1850 and 1852, dropped out of 
sight, cliiefly on account of the lack of an 
economical generator of electricity ; but in 
1873 was again taken up by Lodyguine, a 
Rnssian inventor. 

Since then it has assumed a steadily in- 
creasing importance, Edison, Weston, Max- 
im, Sawyer, and Bernstein working upon it 
in America, and Swan and Lane-Pox in 
England. 

Considerable success has attended tbeir 
efforts, and one of the most, perhaps the 
most important installation, is that of Mr. 
Edison, who, after many months of patient and con- 
tinuous labor, has succeeded in illuminating a number 
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of bnsineisa places and houses throughout an extensive 
district in New York City from a slugle central lighting 
station. 

After many experiments with iridium and platinum, or 
alloys combining or containing these metals, all the in- 
ventors ultimately have decided that carbon is the only 
euitable known substance to maintain in the incandescent 
fitate as an illuminator. Experience has also demon- 
Strated that some method of protecting the light-giving 
part from the oxygen of the atmo- 
sphere is necessary, the carbon other- 
wise being I'apidly consumed. For 
this reason Edison, Swan, Lane-Fox, 
Weston, Maxim, and Bernstein use 
lamps in which the deleterious action 
of the oxygen is prevented by enclosing 
the incandescing conductor in vacuo ; 
while Sawyer encloses his carbons in 
globes filled with nitrogen. 

238. What are the distinctive features of 
the different incxtndescent electric lamps f 

The Edison lamp, as now made, has 
for a light-producing part a carbonized 
filament of bamboo. This is enclosed 
in an exhausted glass globe, and by 
means of fine platinum wires is con- 
nected to a screw and sole- plate, which, 
when screwed on to a bracket or stand, 
make contact with the two external 
■conducting wires. In the construction ^^- ''^■ 

of these carbon filaments Mr. Edison made many ex- 
periments to ascertain the best material to be employed, 
and, after carbonizing a large number of vegetable fibres 
and tissues, arrived at the conclusion that certain kinds 
of bamboo presented the greatest advantages, both for 
facility of manipulation and for uniformity of structure. 
*nie shape of the carbon filament used in this lamp 
is that of an inverted U< as shown in Figure 98. 
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The Swan lamp-carbon is formed of cotton tliread 
converted by treatment with sulphuric acid into a 
parchment- like material, and carbonized. The Anisbed 
carbon is looped with a double turn at the top, as in 
Figure 99. The ends of the strip are thicker than the 
middle, and are joined to the conducting wires by 
metal clamps. 

The Lane-Fox lamp is represented by Figure 100, 





[ and in it the carbon filament is made from the fibres 
«f Italian grass, or bass-broom, A peculiar method of 
irbonizing is involved in its preparation. 
Fignre lUl shows the Maxim lamp, which is distin- 
lished by an incandescing carbon made from card- 
(ftrd and shaped like the letter M. 
The light giving conductor in the Bernstein lamp con- 
I ASta of a hollow cylinder of carbon supported at each 
,.i^ in a carbon socket. 
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The Weston lamp is similar in appearance to the 
Maxim, but the filament is made of non-fibrous cellu- 
lose, which is afterward carbonized. This material is 
extremely tough and elastic, and 
has a high resistance. 

239. How is the illuminating pouvr 
of a light generally expressed t 

The standard unit of measure- 
ment of light in this country and 
England is a sperm candle burn- 
ing approximately one hundred 
and twenty grains of spermaceti 
per hour. In France the carcel 
lamp is the unit ; this lamp 
burns forty-two gmmmes, or six 
hundred and forty-eight grains, 
per hour. In GeiToany the unit 
is a paiuffine candle of which six J 
weigh five hundred grammes; one ' 
carcel is equal to about seven and 
one-half of these candles. All of 
these standards are cmde ap- 
proximations, and it has been 
suggested among other plans that 
the unit should be derived from the area of floor wliicli 
any light is capable of illuminating. 

240. What is meant by the term electric candle* 

The electric candle is really nothing more than a pecu- 
liar arc lamp reduced to its simplest form. It consists 
of a pair of small carbon-rods placed parallel to each 
other, with a thin strip of plaster- of -Paris or fine clay 
between them as an insulator. This being in the shape 
of a candle, together with the fact that the light com- 
mences at the free ends and burns downward as the 
carbons consume away from one end, like the wick and 
combustible material of a candle, account for the name. 
The candle is the invention of a Russian engineer, M. 
Jablochkoff, and was patented by him in March, 1876. 
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Its use dispensed with the cumbrous and complicated 
lamps and regulators then in use, and gave an impetus to 
electric lighting which is still felt. The sticks of car- 
bon which constitute the candle are only about one- 
sixth of an inch in diameter and from nine to ten inches 
in length, although they have been made aa short as six 
and a half inches. The shorter ones only burn one 
honr. When the current of electricity passes, an arc 
of light is maintained across the top of the carbons, 
whicli are gradually consumed as an ordinary candle 
is, together with the insulating material. The circuit 
before the current passes is completed, and the candle 
lighted by laying a small piece of graphite or black lead 
across the top of the carbon sticks. The currents em- 
ployed are of an alternating character, so as to consume 
both of the carbon sticks equally fast. These candles 
are more used in France than elsewhere, although they 
have been employed to a considerable extent in London. 
Fonr candles are usually placed in an opalescent glass 
globe, and an automatic arrangement provided to switch 
the current from one candle to the next as each bums 
down. 

The electric candle has been much improved by the 
well-known electrician and inventor, Mr. Henry Wilde, 
of Manchester. He remarked the small part apparent- 
ly taken by the insulating material, and diminished that 
material by discontinuing the plaster-of -Paris and mere- 
ly coating the carbons witli a hydrate of lime. No dif- 
ference in the operation of the candle being observed, he 
went a step farther and arranged the carbons without 
any insulator or separating medium at all, finding the 
^ht to be absolutely improved thereby. He further 
observed that even when the circuit was completed at the 
"bottom or lower end of a pair of carbons, the are or 
light would immediately ascend to the points. He nest 
arranged an automatic lighting device by making one of 
the carbon-holders with a hinge at the bottom, and con- 
tinuing it horizontally in the form of a right-angled lever, 
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tlie horizontal part serving as the armature of an electro- 
magnet, the helices of which are included in tlie light- 
ing circuit. By its weight the carbon, and its hokler, 
wliich is hinged, lean against the fixed carbon as long 
as no current is flowing ; but as soon as a cuiTent com- 
mences to flow, the circuit being completed at the point 
where the carbons touch one another, the electro-mag- 
net is charged, attracts the armature, and draws the 
hinged carbon-holder to an upright position, and so 
brings the carbons to the requisite distance from one 
another, 

841. What are aemi-ineandescent electric lights t 

These, which are also sometimes called incandescence- 
arc lamps, are constructed either by arranging a carbon 
rod to press against a block of carbon, or by having two 
(^rbon electrodes, with a piece of refractory non-conduct- 
ing material, such as marble, interposed between them. 

In the first case the light is produced by the passage 
of the current through a rod of carbon, which, at the 
end that presses against the block, is so small that its 
extremity becomes heated nearly to whiteness. 

Also, when the pressure is very slight, small ares are 
developed at the point of contact, which aid in produc- 
ing the light. 

Of this category are the lamps of Regnier, Werder- 
manii, and Varley. 

In Werdermann's lamp a rod of carbon is forced up- 
wards by the action of a weight against a rounded block 
of carbon ; the rod becomes incandescent at its extre- 
mity, gives a strong light, and is gradually consumed. 
Varley' s lamp is one of the earliest of this class, and 
consists of a disc of carbon with bevelled edge, on 
which rests the extremity of a carbon pencil mounted 
at the lower end of a pivoted lever. Regnier's lamp is 
an improvement on the foregoing, and comprises a rod 
and a disc of carbon ; the rod as it falls imparts motion 
to the disc, which is thus caused to revolve, and con- 
^L.tinually presents fresh points of contact. 
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In the second case the light results from the passage 
of the electricity over the surface of the block of marble, 
or other analogous substance, which is between the car- 
bon electrodes. This, by the intense heat, is made in- 
candescent, and its incandescence adds to the light of 
the arc between the electrodes. The most familiar lamp 
of this class is called the Sun Lamp (Lampe Soleil). This 
light is very steady, is of a golden hue, and has an 
advantage in the stored-up heat in the incandescent 
block, which, if the current weakens momentarily — ^for 
example, by reason of a slackened driving-belt — is suffi- 
cient to supply the deficiency for a short time. It is 
said, however, to be very wasteful of power. 

The earliest worker in both of these classes was W. 
E. Staite, of London, who, between the years 1846 and 
1849, took out several patents in England for different 
plans of electrical illumination. 



CHAPTER XIX. 



ELECTRO- METALLURGY. 



242. What is electro-metallurgy % 

It is the ai't which governs tlie electro- deposition of 
metals upon any surface pieijared to receive tliem,- f lom 
a metallic solution. It is based upon the observed fact 
that a current of electricity passed tbrougli such a solu- 
tion tends to decompose it into its constituents — water 
and the metal held in solution ; depositing the latter, as 
before stated, upon any prepared siirface. The two great 
divisions of electro-metallurgy are electro-ijlating and 
electro- typing. 

243. What is electro-plating f 

It is that division of the art of electro-metallic deposi- 
tion which treats of depositing a permanent coating of 
metal by means of electricity. Although we are accus- 
tomed to speak of electi-o-plating only when refemng 
to the deposition of silver and gold, w^e may with per- 
fect correctness apply the term to any other metal also. 

To electro-plate is to provide a chemically clean me- 
tallic surface, to immerse that surface in a metallic solu- 
tion, and by means of electricity to cause the metal 
contained in the solution to be deposited upon the im- 
mersed surface in such a manner that it may perma- 
nently incorporate itself with the original surface ; and 
so, whatever may be the material of which the original 
surface is composed, after plating it will appear like 
whatever metal is deposited on it, whether that metal 
be silver, gold, copper, nickel, or anything else. As 
already indicated, the article to be plated must be 
chemically clean. The source of electricity employed 
may be either a voltaic banery or a dynamo-electric 
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machine. If the plating establishment is a commennal 
one or doing business oa a large scale, a machine is de- 
cidedly to be preferred. For experimental work a bat- 
tery is the moat convenient. For most work of the 
ordinary character, either in copper, silver, or nickel, 
the large Saiee battery is most universally useful The 
Daniel! battery may be used for small current work, 
such as gilding ; and the carbon battery can be profit- 
ably employed where a strong current is required, as in 
depositing brass or iron. 
Tile process is represented in Figure 102, where O is 
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the depositing battery, C the vessel containing the solu- 
tion, D a metallic rod connected with the positive -pole, 
having a plate of metal suspended from it and dipping 
into the liquid ; B is another rod, connected with the 
negative pole of the battery, and from which the articles 
to be plated are suspended. These articles are thus 
made the negative pole of the battery, and the metal 
plate suspended from D becomes the positive pole. 

The dynamo-electric machine has within the last ten 
years to a great extent superseded the batteries in fac- 
tories, and the forms of machine favored are chiefly 
those of Gramme and Weston, bnt any dynamo machine 
of small internal resistance, furnishing constant currents 
of non-alternating direction, may be successfully used. 

Electro-plating is one of the most useful of arts, and 




8 either to protect a valuable surface, or to beautify 
a surface, or ornament and give an appearance of value 
to articles of ordinary character. 

244. What is etectro-ti 
By electro-typing is meant the production of copies in 

metal of any object by means of the action of electricity. 
It differs from electro-plating in that the metal deposited 
on the article subjected to the process is not intended 
to remain permanently, but merely, as it were, to form 
itself upon, and assume the shape of, that article. While 
the electrical features are the same as in electro-plating, 
and while the art is dependent upon exactly the same 
principle, the technical details are completely dissimilar, 
since in the former art all the skill of the operator is 
directed to the establishment of a permanent adherent 
coating of metal, while in electro- typing his efforts are 
oppositely directed, and all the details of the process 
must be arranged to admit of a ready separation of tlie 
deposited metal from the original article. 

245. Give a brief outHne of the art of electro-typing. 

This art was first introduced as early as 1838 by Pro- 
fessor Jacobi, of St. Petersburg, in a paper communi- 
cated by him to the Academy of Sciences of that city, 
in which he explained a process of producing copies of 
engraved plates by means of electricity. 

Almost at the same (imeMr. Thomas Spencer, of Liver- 
pool, made public a series of experiments in which he 
had been engaged on the same subject; while nearly sim- 
ultaneously a printer named Jordan described similar 
experiments which he had made about the same time. 
In this, as in other great discoveries, it thus appears that 
several experimentalists were close to each other on the 
same track at once ; but Spencer was by far the most 
painstaking of the three, and demonstrated its practical 
valne. 

The entire process is founded upon a very simple prin- 
ciple — namely, that certain metals can be deposited from 
a solution of their salts hy the passage through that so- 



I 




284 EI.ECTEICITT, MAGNETISM, AND TELEGRAPHY. 

lution of a current of electricity. Tbe primitive methods 
adopted in the early days of the art are now obsolete, 
except as used by amateurs ; nevertheless, as they em- 
body the above principle as well as tbe most recent 
modes can do, and also possess the cardinal virtue of 
simplicity, they are here noticed. 

A modification of tlie Daniell batt«ry, snch as is 
shown in Figure 103, was generally used, 
consisting of a glazed earthenware or glass 
cell containing a solution of sulphate of 
copper, kept at the proper strength by ex- 
ti-a crystals on a shelf, A porous cup con- 
taining dilute sulphuric acid stood in the 
jar, holding an amalgamated zinc rod. 
The object to be copied, or electro-typed, 
whether a coin, medal, a seal, or other 
article, was attached by a copper wire to 
the zinc of the battery and suspended in the 
""■ solution. This object thus formed the ne- 
plate of the voltaic cell, and an electrical current 
from the zinc, through the two liquids and the 
porous cup, to the object to be copied, and back to the 
zinc rod through the wire, completing the circuit. 
When the circuit was closed the zinc dissolved and 
formed its sulphate ; the copper solution was also de- 
composed and its copper deposited on the object to be 
copied. Any part not required to be copied was coated 
with varnish or some other non-conductor. The deposit 
was separated from the object when sufficiently thick, 
and found to be an exact fac-simile of the original 
article. 

Such is the art of electro-typing in its crudest me- 
thods, but substantially identical in every essential fea- 
ture to the same art as practised with every modem 
appliance. If the model be not a conductor it becomes 
necessary to coat the surface to be copied with some me- 
tallic powder (black-lead is generally used), applied over 
the surface with a fine brush. It is evident that by this 
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device we are enabled to use as models plaster-of-Paris, 
was, gntta-percha, or any fusible or plastic subatance. 
It was early discovered that the use of a separate bat- 
tery, as shown in Figure 104, was a great improvement ; 
when thia was used a bath of the solution of the metal 
to be deposited was prepared, and the copper plate of 
the battery connected with a second copper plate sus- 
pended in the solution, while tlie articles to be copied 
were also suspended in the solution and united by a wire 




to the zinc plate of the battery. When so disposed the 
suspended copper plate dissolves, adding copper to the 
solution aa fast as it is abstracted from it by deposition 
on the articles to be copied. As in the sister process of 
electro-plating, the use as a generator of the dynamo- 
electric machine has greatly advanced of late years, 
and it is now employed in all large establishments. 

The electro-typing process finds many uses : it is uni- 
versally employed to produce copper duplicates of wood 
engravings, and set-up type is often thus copied ; sta- 
tuettes, medals, and coins can be thus reproduced 
without limit, and many electro-type copies are fiilly as 
beautiful aa the originals. 




CHAPTER XX 



ELECTBIC BELLS. 




3i6. How t8 electricity made to ring bells t 
Practically in the same way in which it is made to 
operate a telegraph. An electro-magnet is fitted with 
an armature; that arma^ 
ture is pivoted, and its 
lever extended to the 
necessary length and 
furnished at its free 
end with a bell-ham- 
mer, which, when the 
electro-magnet is excit- 
ed and the armature 
I consequently attracted, 
' strikes upon a gong 
**■ "*■ ^vith more or leas force. 

This is shown by the engraving. Figure 105. 

There are several ways in which electricity may be 
utilized for this purpose. The method already described 
may be varied by so disposing the several parts that 
the armature and hammer are attracted away from the 
gong when the electro-magnet is charged by the closing 
of the circuit, while when the circuit is again broken 
the hammer, being retracted by a spring, strikes the 
gong. Sometimes the bell is so constructed as to ring 
when the direction of the current is reversed, and the 
hell is then called a polarized bell. At other times, 
when a heavy stroke is required, while the power 
exerted by the current is but feeble, the hammer is 
impelled by a weight or spring acting through a train 
of clockwork, the electricity in such cases merely act- 
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ing as a controller to release and detain the clock- 
work. 

347. What is a single-stroke electric bell t 

It is a bell comprising an electro-magnet, an armature 
operated by the same, and a hammer extending from 
the armature, which may be arranged to strike its gong 
a. single stroke or tap at the moment either of breaking 
or making the circuit ; of changing the direction of the 
current ; or both ; at the will of the manipulator. The 
name single-stroke is colloquially applied to such a 
bell in contradistinction to a bell giving a continuous 
ring. 

248, What is a vibrating or trembling electric bellf 

It is an electric bell which, in addition to the ele- 
ments possessed by the single-stroke bell, has some 
device adapted to alternately allow the electricity to 
pass through the electro- magnet helices and shut it 
off from them, so that as soon as the hammer is so far 
drawn up as to strike the bell it is drawn back again 
once more to be atti-acted, and again withdrawn, and so 
on as long as the circuit is kept closed at the point 
of manipulation ; that is, if a bell of this character be 
placed in the circuit of a battery, the said circuit also 
passing through a key which is normally open, when 
the circuit is closed by pressing the key, the magnet 
will become charged and will attract the armature, and 
the bell-hammer attached to the armature will com- 
mence to alternately strike the bell and withdi'aw from 
it, and continue so to do until the key ia once more 
opened. 

This kind of bell usually is arranged by leading the 
circuit of the bell-magnet through the armature-lever 
itself, and from it to the back limit-stop, thence to 
the binding-post ; thus when the armature is attracted 
under the influence of the current, it has only time to 
strike the gong before the circuit is broken by the 
withdrawal of the lever from the back limit, and it is 
compelled to recede. The lever is usually furnished 
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with a platinized spriug, which improves the contact, 
and at the same time gives the armature an im- 
pulse and jirevents it from breaking the 
ch'cuit prematurely. Figure 106 repre- 
sents one of the most frequent forms of 
the vibrating bell. There are several 
(jther ways of constructing vibrating 
bells, but the foregoing is for ordinary 
use the best way. 

249. How is a polarized bell congtructed f 
Quite a variety of polarized bells are 
made, and used for special purposes. 
Two, however, are sufficient to exemp- 
lify the principle. The first, and nntU 
the days of the telephone the most 
usual form, has substantially the same 
construction as a Siemens polarized relay (Q. 192), 

A base of hard steel is made in the shape of a right 
angle ; on the horizontal or flat side of the steel base an 
electro-magnet is transversely placed, so that if the end 
of the flat side is of north polarity the same polarity is 
by induction continued through the electro-magnet, and 
both of its poles become north poles. The other end of 
the angular steel magnet, is, of course, a south pole, and 
is forked ; one end of a slender rod of ii-on is pivoted in 
this fork, and the other extends outwardly until its end 
rests between the two extremities of the electro-magnet, 
which are fitted with adjustable pole- pieces. 

As shown in Figure 107, which represents a modifi- 
cation of this type of polaiized bell, an extension-rod 
provided with a hammer is attached to the end of the 
iron rod which serves as an armature, and in its range a 
bell is placed. When the electric impulses sent from a 
magneto-generator, or a battery and pole-changer, are 
passed through the coils of the beU-magnet, the arma- 
ture vibrates from side to side and rings the bell. 

Such a bell, though strong and reliable where com- 
,paratively slow alternations of current are sent, is rather 
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sluggish in its action wlien the alternations of direc- 
tion are very rapid. This fact led to the introduction 




Fig. 107. 

of the second form of polarized bell, which is now to be 
described. This ia the form ao familiar to us in the 
regulation telephone bell-box. In this bell, as in the one 
already described, an electro-magnet is fixed upon one 
end of a permanent magnet, while near, but not neces- 
sarily attached to the other end of the permanent mag- 
net, a soft-iron armature ia pivoted by its centre, and 
caiTies by a light metal rod the bell-hammer. The per- 
manent magnet is Fig-ioB 
in shape like a 
bar magnet, with 
each end bent for 
about an inch at 
right angles to 
itself ; one of 
these bent ends is 
placed behind the 
heel-piece of the 
electro-magnet, 
and the other be- 
hind the centre "^ 
of the pivoted 
armature. Two gongs are arranged in front, between 
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which the bell-hammer tibrates, sfrifcing ettch altw- 
nately. When an electric pnlsation of positive direc- 
tion is sent through tlw coils of the electro- magnet 
the aramture swinga over to one side, and when a 
pulsation of negative direction is sent it swings over 
again to tiie other side. Figure 108 represents the 
working parts of a bell-ef this character. 

Rapidly alternating electrical currents, generated 
either by a magneto-machine or by a battery having 
a pole-changer in circuit, are used to operate these bells, 
and in practice a generating magnet and coiT is attached 
to each one, and placed in the same case, immediately 
below the bell, so that each instrument posaesses not 
only the power of ringing bnt also that of operating 
other bells. 

350. How must the apparatus and vires be arranged for a 
simple bell circuit, where one bell is to be rung from but one 
point, and what apparatus is required t 

AH that is required ia one bell, one press-button, or 
tey, as much battery as may be found necessary (for any 
dlatance short of fifty feet one cell of Leclanche will do), 
and enough wire for about twice the distance between 
the Imtton and the bell. To set np the apparatus, screw 
up the bell to a support where it is wanted, then mea- 
sure off the wire, taking care to have the pieces long 
enough. Find a place for the battery and set that np ; 
tiien attach to the terminal screws of the press-button 
two wires, one extending to the bell, and the other to 
the battei-y ; having attached tliem to the press-button, 
screw up the button in its place and put on its cover. 

In Figure 109 the connections are clearly shown, H 
indicating the bell-hammer, E the electro- magnet, C the 
automatic circuit-breaking points, P the press-button, 
and B the battery. Figure 110 shows a vertical section 
of tUe press-button, which clearly explains its operation. 
One of the press-button wires is connected with one Of 
the bell binding- screws, and the other to one pole of the 
battery. A third vrire must now be made to unite tbe 
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femaiming bell terminal to the other battery pole ; this 
done, the construction ia complete. The circuit may 
tioif, referring to the figure, be readily traced : com- 
mencing at tlie positive pole of the battery, and fol- 
lowing the arrows, the circuit is first to the press-button, 
where it is ordinarily open, then to one of the bell ter- 
minals, through the bell-magnet to the armature-lever, 
through the lever to the points 0, then to the outgoing 
terminal, and thence back to the negative pole of the 
battery. 

For good work the wires must be well insulated by 
being covered with cotton, or, if they are to rest in damp 
places, with kerite or india-mbber ; of course, before 





making connections, tlie ends of the wire must be care- 
fully stripped for about an incli and a half. The wires 
should be neatly tacked to the walls, or otherwise 
secured. More than one wire must never be placed 
tinder one staple, and the entire work must be made 
as neat as possible. It is just as easy to make a hand- 
some job as an unsightly one. This is the simplest plan 
for a Signal-bell circuit, and may readily be constructed 
by Any one. 
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251. How may electric bells be operated by a pull, eimUar 
to the ordinary mechanical door-bell f 

By using a pull circuit-closer, like that shown in 
Figure 111, instead of a press-button. 

As shown, the circuit-closer consists in a pair of 
springs, B li, mounted on a block of non-conducting 
material, like hard rubber, and connected respectively 
with the bell and battery wiT-es, but not touching one 
another when in a state of rest. A hole is bored 
through the insulating block, and a rod ending at the 
inside in a metal disc, C, and surrounded by a helical 
spring, is passed through, and 
fitted at its outside end with the 
flange and knob, P. The helical 
spring ser\'es to keep the disc, C, 
away from the ends of the flat 
contact-springs, B, and also to 
drawinthe knob after it ispuUed 
out to close the circuit. When 
the knob is pulled the helical spring is compressed, and 
the disc, C, makes contact with both of the flat springs, 
B, thus closing the circuit. The pull circuit- closer is 
well adapted for use in connection with door-bells. 

252. How may we an-ange a circuit to ring a single belt 
from, two or more separate points f 

Such an arrangement may be easily understood by 
reference to the engraving. Figure 112. Setting up the 
bell and battery as before, connect one pole of the 
battery with one of the bell binding-screws by a wire; 
then run a wire from the other battery pole past and 
near to all the preas-buttons, at the points from which it 
is desired to ring, terminating at the most distant press- 
button, to which the end of the wire, after being bared, 
is attat^hed. At each of the intermediate buttons branch 
wires are extended from this battery wire in the follow- 
ing manner : At the nearest point of the battery wire 
to each of the buttons strip its covering from it for a 

■we of about an inch, and scrape the wire thus bared 



till it is bright ; the wire at these points then presents 
the appearance in- 
dicated at A, Fignre 
114. Then bare 
about three inches 
of the ends of the 
proper number of 
branch wires, and 
wind the bared ends 
round the stripped 
portions of the bat- 
tery wire, as at B, 
Figure 114 ; this, 
especially if solder- 
eil, makes a good 
splice. The free 
ends of the branch 
wires, after being 
bared, are attached 
each to one screw 
of their respective 
press-buttons, which 
may be at any dis- 
tance from the 
/i^m.m,w. ™'^i^ battery 
Jig jia wire. In some 

cases two of 
the buttons may be very near together ; the branch 
may then be connected to the main line in the manner 
represented in ^ 

Figure 113 ; e « fi 



wv^ 



>^5sss^s^=<: 



Fig. 113. 



being the main f 
wire. d the 
branch to one 
of the buttons, 
and B the branch to the other. At this point in con- 
struction we havti a battery wire extending bybi-anches 
to eacli press-button. Finally, as in the figure, a simi- 



294 ELEOTEICITT, MAGNETISM, AND TELEGRAPHY. 

lar main wire is ran from the remaining bell terminal 
to the most distant buttou, 
branching to the intermedi- 
ate ones, preciBely tlie same 
way as is done in the bat- 
tery wire. It is obvions 
now that a bell circuit nor- 
mally open is constructed, 

Trfiich is capable of being closed at any of the buttona. 
253. How mtitt the toires be arranged to ring two bells 

from a single button or circuit-closer f 

The apparatus required is a battery, a press or pull 

button, or key, and the two bells which are to be rung. 

These may, if required, be in different rooms. 
The arrangement is indicated in diagram by Figure 

115. One of the battery wii-es runs directly to one of the 





Fig. IIB. 



prew-bntton screws, and the other battery wire is ex- 
tended to one binding-screw of each of the bells, as 
shown. A third wire is led from the other push-button 
screw, and branehes to the remaining binding-screw of 
each bell. When the button is pressed the current 
divides between the two bells, and thns they are both 
rung. Another way to do this is to provide but one vi- 
brating bell, allowing the other bell to be a single-stroke 
bell ; they must, when this plan is adopted, be anianged 
in series, or directly after one another in circuit, and the 
eeoond, although in itself a single-stroke bell, will vi- 
brate in unison or harmony with the intennissions of 
< '^e cnrrent produced by the vibrator. In either of the 
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above ways several bells may be operated from one 
button or circuit-cluser with one battery. 

854. Describe a plan wheir^y an Q.ntv'&ring jpreas-hutton 
may be combined with each of a aeries of bells, so that a re- 
sponsive i-img may be sent. 

Such a device is shown by the diagram in Figure 116. 
The same battery is made to se^^e for the liHging in 
both dtrectiona. One pole of the battery, B, has a wire 
leading past all the bells, &, to the_moat distant one, 
branching to one terminal of each bell in passing. Call 
this wire No. 1. 

From the other pole of the battery a wire is led which 
bniiiches in two direc- 
tions. One branch leads 
to a press-button, P, the 
other to the response 
bell, R. From the olher 
sci'ew of the press-button 
a wire, 2, is led to the 
most distant bell, branch- 
ing to each hell en route 
in the same manner as 
No, 1. Now run a third 
wire, No. 3, from the 
remaining terminal of 
the response bell, R, to a 
point near to the moat 
distant bell, S, there con- 
necting it to one screw 
of the aiiewering button, 



P, the other screw of the 
same button being con- 
nected by a short wire 
to main wire. No. 1. In 
like manner from No, 1, near each of the bells, b, short 
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wires are run to the answering buttons, P, which by their 
other screws are connected with the response wire. No. 3. 
By this arrangement a pressure of the button, P, will 
simnltaneously ring all of the bells, b; and when any 
of the buttons, P, are pressed, the bell, R, will be rung. 

255. Describe the circuit connections of a bell line of tiro 
stationB, each of the said eta- 
fe tions lieing capable of signal- 
ling the other. 

This arrangement will he 
understood by reference to 
Figure 117. The line at 
each terminal station con- 
nects with the key, K, 
which by its' own resili- 
ency presses against its 
back stop or contact, b, 
this in turn being connect- 
ed by insulated wire with 
one of the bell terminals, 
the other being attached 
to a ground or return 
wire. When the line i$ at 
rest its condition la as 
shown in the engraving; 
the key at both stations 
being elevated, and the 
bells being both maintain- 
ed in tlie main-line circuit. 
The anvil or fi'ont contact 
of the key at each station 
connects by means of a 
wire with a battery, D, the 
opposite pole of the bat- 
tery being permanently 
united with the gronnd or 
When either key is pressed the distant 
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256. What kind of bell siffiuils are or have been employed on 
telephone lines i 

A great variety liave from time to time been employed. 
Small, single-stroke bells were at first mucli used, 
and in their operation a steady battery was kept on the 
line, and the signals were given by breaking and closing 
the circuit a given number of times. Magneto-beUs are 
more nniveraally employed at present than any other, 
because they are much cleaner, more economical in the 
end, more easily managed, and very rarely get out of 
order. 

257. What ia a magneto-bell ? 

A magneto-bell is a polarized relay, having its arma- 
ture extended into a hammer which vibrates between 
two bells. 

It takes its name from the fact of its being operated 
"by the electric pulsations produced by the rotation of 
coilg of wire across the field ot force of a magnet. 

S58. Wliat IS an individual aignal-bell f 

Described in genei-al terms, it is a bell which, when 
placed in series with otiier bells in an electric circuit, is 
so arranged as to ring when desired, to the exclusion of 
the othera. That is, if, for example, six stations were 
placed on one circuit, any one of tlie six may be signal- 
led without ringing the remainder of the bells in the cir- 
cuit. These bells are usually adapted to be rung ex- 
clusively from the central station ; but some vaiieries 
are capable of \ ringing auy station from any other 
station. \ 

259. Upon what principle are individtud siffnala conBtnieted f 

Many different principles of action are embodied in 
these bells. A large number of them are operated by 
successive pulsations of electricity, which, when sent 
over the line, work a ratchet-wheel, either positively or 
by controlling the escapement of a clock-train. This 
ratchet-wheel, at a certain definite time or place, differ-, 
ing at each station, either brings into activity an extra 
electro-magnet, J»Molfc-.i™'ks the bell-hammer, or al- 
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lows tlie bell-hammer to reach the bell at the required 
station ; the bells at the other stations having their 
electro-maguBts cut out of cu'cuit or their hammers me- 
chanically controlled. When brought to the ringing- 
point, bells of the steprby-step xjJass are frequently 
caused to ring by sending a current of different cha- 
racter from that used to work the »tep-by-step motion. 
Other kinds of individual signals are worked by a clock- 
train, which at definite times introduces the different 
magneto-bell magnets into the circuit. In such aj^iar 
ratus the clock-work is tripped by an electric current 
sent from the central station, and rotates, briuging into 
circuit the different bells one after another. Still an- 
other kind is the harmonic ; these have armatures poised 
or tuned differently at each station in circuit. A trans- 
mitting instrument is placed at the central station, and 
provided with a circuit-breaker. The arpiature of the 
transmitter is adjustable in length, and when set in 
motion, only that circuit bell which corresponds in its 
rate of vibration to the rate of vibration of the circuit- 
breaker will ring. 




260. What is the electric telephone f 

The idea expressed in tlie word telepJtcme is the trans- 
mis^on of sound to a distance, and hence any instrument 
capable of such transmission is properly termed a tele- 
phone. The electric telephone, however, does not ac- 
tually transmit sound, but is simply an instrument by 
which, through the agency of electricity and a conduct- 
ing medium therefor, sounds of any kind, including 
articulate speech, when produced at any point or place, 
may be simultaneously reproduced at any other place at 
a distance therefrom. 

' 281. What is the magneto-teleplione f 

I It is a telephone in which, wlien used as a transmit- 
ter, the vibrations of a metallic diaphragm, when sounds 
are uttered in its vicinity, cause variations of intensity 
in the field of force of a magnet, whereby electrical cur- 
rents corresponding in character and form to the origi- 
nal sounds ai'e pi^oduced in a helix of insulated wire 
surrounding the pole or poles of the mngnet ; these tra- 
verse a line-wire in tlie circuit of which the helix is in- 
cluded ; and in which, when used as a receiver, the said 
currents circulating in the Iielix vary the strength of 
the magnet, which consequently attracts its diaphragm 
with varying strength, permitting it in turn to vibrate, 
and, by tlie movement in the air so caused, to reproduce 
similar sounds to those transmitted. The magneto-tele- 
phone is now used almost exclusively as a receiver, since 
it has been long known that battery telephones are much 
more powerful transmitters. It consists of a magnet, 
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which may be either an electro or a permanent magnet. 
On one end of this magnet, or of a soft-iron core affixed 
thereto, is placed a coil or helix of fine, silk-covered 
wire, while stretched immediately in front of this core 
and coil is an elastic disc or diaphragm of thin sheet- 
iron, held to its frame by being compressed at its edges 
between the case and its cap or ear-piece. Some of the 
lines of force of the magnet pass through the coil, and 
others through the iron disc. Thus the plate is attract- 
ed towards the magnet with a constant force when the 
instrument is quiescent. When, however, a constantly 
varying electric current is passed through the coil, in 
either direction, the strength of the magnet is momen- 
tarily either increased or diminislied, the atti-action 
between it and the diaphragm varying accordingly. 
When the current in the coila is in such a direction as 
to reinforce the magnet the diaphragm is attracted more 
strongly tlian before, while if it is in the opposite direc- 
tion it is attracted less strongly. Now, as these varia- 
tions in the strength of the current are controlled by the 
action of the distant tiunsmitter, they are in exact ac- 
cordance with the movements of its diaphragm, and 
thus the diai)hragm of the receiving telephone is caused 
to vibrate also in accordance with the transmitter, and 
reproduces the sound. 

268. Can the magneto-tel^hone, just described, transmit arti- 
culate speech, or is it restricted to its reproduction f 

It transmits speech quite distinctly ; indeed, for some 
time after its invention it was used for this purpose 
quite as much as for a receiver. It is one of the dis- 
tinctive features of the magneto- telephone that it may 
be so used. When acting as a transmitting telephone 
the operation of the instrument, depending upon the 
principles of magneto-electric indiiction, is as follows : 
The voice of the speaker throws the air into vibrations ; 
these, acting on the diaphi-agm, cause it also to vibrate ; 
every vibration of the diaphragm alters the magnetism of 
the inducing magnet, and at every change in the mag- 
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netic strength a transitory current is produced in the 
coil. Since the coil is in the line circuit, these transitory 
corrents pass over the line and through the distant coil 
also. There they affect the magnetism of the receiving 
iiisti-ument in a similar way ; and the diaphragm of the 
said receiving instrnment, being thus attracted with 




varying degrees of strength, repeats or reproduces the 
motions of the transmitting diaplu-agm, and the speech 
uttered in the mouth-piece of the sending telephone is 
thus duplicated by the receiver. 

263. la the magneto-telephone restricted to any particular 
formf 

No ; it may and has been made in many forms. The 
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standard form, which is Ihat adopted by the American 
Bell Telephone Company, is shown in Figure 118, while ' 
Figure 119 is a vertical section of the same, showing the 
internal construction. It consists of a case of ebonite or 
hard rubber, containing a compound bar-magnet made 
of four separate bars of steel (each one separately mag- 
netized), laid together in pairs with similar poles to- 
gether. By this construction it is found that the mag- 
netism is more permanent than if a single bar were used. 
At each end, between the two pairs, is placed a soft- 
iron core or pole- piece. The shorter one is placed at the 
end intended for the handle, and a screw passes into it 
from the outside of 
the case and aids 
in holding the parts 
together ; the long- 
er pole piece is 
placed at the dia- 
phragm end. 

The helix, which 
is foimed of very 
fine silk-covered 
wire, surronnds this 
longer core, and 
ordinarily has a re- 
sistance of about 
seventy-five ohms ; 
ita terminal wires 
are extended 
through the case 
beside the magnet, 
and are soldered to two binding-screws at the end of the 
handle. Stretched in front of the pole-piece is the dia- 
phragm, which is simply a thin, round iron plate, snch 
as is used by photographers in the preparation of ferro- 
types. This is clamped at its edges between the end cif 
the case and the cap which forms the ear-piece, and is 
thus maintained in close proximity to the magnet-core, 
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which, however, Jt is never allowed to touch. This instru- 
ment is almost, universally used in America. Another 
form which has been nsed considerably is that of the 
"Pony Grown," of which FigT.ire 120 shows a sectional, 
and Figure 121 a perspective, view. 

The "Crown Telephone," represented in perspective 
by Figare 133, has also been nsed to some extent. 

The telephone designed by M. Clement Ader is one 
of the handsomest forms, and is used in France. It is 
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rfiown in sectional elevation in Figure 123, while 
Figure 134 is a plan view of the magnetic cores and 
helices, with their enclosing cup, the diaphragm being 
removed, and Figure 125 a side elevation of the in- 
strument. 

In this telephone A is the magnet, which is made cir- 
-cular. The pole-pieces are of rectangular form, and are 
'Surrounded by small helices or spools, B B, which in 
practice are connected with the binding-screws, N N, and 
by their means included in the line circuit. A cup of 
ZLon-magnetic metal, O, is fastened to the magnet, and 
lurrounds both helices, forming an interior space, across 
which, and passing close over the cores, is the dia- 
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phragm, M. A cap, C, fitted with a flaring ear-piece, 
E, suiinounts the inBtniment. The peculiar feature of 
the Ader telephone is what the inventor calls a rein- 
forcer. This is a mass of iron, X, enclosed in the cap, 
C, and lying within the field of force of the magnet, A, 
and said to aid and reinforce the magnet in its action on 
the diaphragm, and thus to cause the diaphragm to vi- 
brate more energetically than it otherwise wonld, and 
to give out louder articulations. Very satisfactory re- 
sults have been obtained from this instmment. 
It is useless to attempt a description of the num- 
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berless forms of magneto-telephones which have been 
produced, the instrument being apparently capable of 
indefinite variation in form, but of very little variation 

in principle, 

2(54. What is a battery telephone traiiamitter f 
It is an instrument adapted for the transmission of 
articulate speech, in which the operating electrical cur- 
rents, iustead of being actually produced by the vibra- 
tions of a diaphragm in proximity to a magnet, as are 
those of the magneto-telephone, are developed by a vol- 
taic battery, and the vibrations of the diaphragm under 
the influence of the voice operate merely to control the 
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purrenta so produced. Battery telephones have been 
commonly arranged in two classes^viz., those like the 
typical Edison telephone, in which varying degrees of 
pressure are brought to bear upon certain semi-conduct- 
ing substances included in the battery circuit, whereby 
the particles of such substances are brought into vary- 
ing degrees of intimacy, their resistance varying in a 
corresponding degi'ee and in proportion to the amount 
of pressure to which they aie subjected ; and .those 
which are also technically and popularly called micro- 
phones, in which two points or electrodes of the circuit 
are brought more or less closely together in such a man- 
ner that the slightest shake or vibration gi'eatly affects 
the amount of the resistance at the jioiiit of contact, and 
thus, of course, throughout the circuit. 

8C5. How do s/lch instruments operate ti'hen vsed to transmit 
articulate speech f 

In those of tlie former tyi)e a diaphragm is mounted 
in a frame, just as in the Bell telephone, and is arranged 
to press with a light but steady initial pressure against 
a. little button of prepaivd carbon or lampblack which 
is placed in the circuit. The resistance of finely-di- 
■vided carbon has been by some supposed to diminish 
greatly under pressure ; but the real cause of the ap- 
parent diminution is now thought to be, as before in- 
dicated, the closer intimacy into which the finely-di- 
vided particles are brought. However that may be, 
when the diaphragm is spoken against it vibrates, and 
presses with varying degrees of strength' against the 
lampblack button, causing its resistance correspond- 
ingly to vary ; and as the electro- motive force is sup- 
posed to be constant, the strength of the cui-rent in the 
circuit varies inversely with the resistance of the but- 
ton. AVhen the resistance of the button is greatest the 
strength of current is least, and when the resistance of 
the button is at its minimum the current strength is at 
its greatest. The best authorities no longer think that 
in the transmitter the resistance of the substance of the 
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carbon is susceptible of variation, Imt belii-ve tliat such 
variation is due, as we have already stated, to the vai'j - 
ing degree of con- 
tact between the 
mnltitude of par- 
ticles composing 
the mass. 

Tlie Edison trans- 
mitter, which is the 
best-known iustru- 
Dieut of the forego- 
ing class, is shown 
"^ ™ in Figures 126, 127, 

and 128 ; Figure 128 being a vertical section of the tmus- 
mitter, Figure 127 a perspective view, and Figure 128 a 
view of the entire instrument mounted on a jointed arm 
and fitted on a desk-stand, with bell-call, and automatic 
switch operating by tlie removal and replacement of the 
receiving telephone 
to change the line 
from its normal route 
through the signal- 
bell to the branch 
leading tlirough the 
telephone. 

Figures 127 and 128 
require no explana- 
tion. In Figure 126, 
which shows the ■ 
ti-ansmitter in sec- 
tion, the button of 
prepared carbon is 
compressed between ^'^' '^' 

two metal surfaces, and the initial pressure is given by 
n, screw, which is capable of adjustment from the rear. 
The diaphragm presses upon a protuberance of the 
upper metiil plate, and when spoken against varies the 
contact between the metal plates and the button. One 
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<rf the circnit-wii-es is attached to the upper metal plate, 
and the other to the metal casing. 

The well-known Blake transmitter may be taken as 
the type of the eecond variety. Figure 129 represents 
the external appearance of this instrument as usually 
constructed. 

The operative parts consist of a diaphragm loosely sup- 




J 



ported in a frame and clamped thereto, while suspend- 
ed from one of its edges are two fiat springs ; the nearest 
one to the diaphragm ia the lightest of the two, and at 
Its extremity carries a little stud of platinum, which at 
one side touches the diai)hragm, and at the other a little 
disc of hard carbon with a highly jiolished face ; the 
carbon disc is carried on the lower end of the other 
and heavier spring. The two springs are relatively so 
adjusted that when they both from any reason ai'e forced 
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away from the diaphragm, the platinum point liae a 
tendency to follow the carbon disc for at least a short 
distance, usually about three-eighths of an inch. 

The spiings are insulated from one another, and the 
only connection between them is at the point of contact 
between Che platinum and the carbon. 
Figure 130 shows a sectional elevation of the working 
parts of tlie 
transmitter. 
The two springs 
are carried upon 
tiipsanie adjust- 
ing lever, F, this 
l^eing suspend- 
ed from the 
fiifuie, B, by a 
stiff flat spring, 
and being ad- 
justable by the 
screw, G. This 
adjustment reg- 
ulates the ini- 
tial pressure of 
the carbon and 
platinum elto- 
trode, and also 
the pressure of both against the diaphragm, D, 

Figure 131 is a representation of the instrument with 
the door open and all parts in their proper position. 
The diaphragm, which is insulated from the iron frame 
by an encircling hand of india-nibber, is on one side 
clamped to its frame by tlie brass clamp, 1i, and is at 
the other furnished with a damping spring, K, by which, 
undue vibrations are checked. 

The front of the case is fitted with a month-piece; and 

in one corner of the case, as shown in Figure 131. the 

iuductit)n-coil stands. Connections are ari'anged where- 

|ij|w the two springs and the electrodes they carry, to- 
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gether with the primary circuit of the iuduction-coil, 
ai-e placed in a battery circuit. These circuit con- 
nections are represented in Figure 132. A, B, C, and 
D are binding screws, A and B for the battery-wires 
and C and D for the line-wires. Entering at A, the 
circuit of the t>attery proceeds by tlie wire S to the 
hinge H, and by the wire M to the platinum electrode 
through the spring, I ; fi'oin thence 
it continues to the carbon button, 
J, and by the spring thereof to 
the metal adjusting-lever, K, and [ 
by means of the screw, O, to tin 
.frame, V. A wire, L, unites this 
frame to the lower hinge, G, and 
from thence another wire, P, leads ^^ , 
to the primary coil, F, and out 
to the battery return by wiie Y 
and screw B. The line-wires, in 
line and gi-ound wires, are simpU 
attached to the binding-screw -^ < 
and D, which by the wires X aiu 
W lead through the secondaij 
coil, E. In this diagram N le- 
presents the diaphiagni. When in 
the operation of this transmitter 
the diaphragm is spoken to, the contact resistance of 
the platinum and carbon electrodes is varied, and the 
resistance of the circuit, and the strength of the current 
flowing tlierein, are correspondingly varied. 

The essential difference between the action of the bat- 
tery and magneto telephones, when the latter is used as 
a transmitter, is that in the battery transmitter the 
electrical undulations are produced by varying the 
resistance, and in the magneto by varying the elec- 
tro-motive force. 

266. What i'« the reason t/iut an indncHon-coil is used in 
(xmnection with battery transmittera f 

It is found to be a» advantage lo use an induction -coil, 
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and to place the microphonic contact, or the rariable re- 
sistance, in its primary circuit, connecting the termi- 
nals of the secondary circnit of the coil \vith and in the 
line circuit, because although the said resistance is ca- 
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pable of, and actually passes through, great variations 
when actuated by the vibrations of tlie diaphiagm, 
the extreme variation between the highest and lowest 
points is but an inconsiderable factor in a long-line cir- , 
ouit, whereas the same variation in a short local circuit i 
is proportionately great. Therefore by placing the \ 
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variable resistance in the short circuit of a primary 
coil, where a comparatively small change in the total 
resistance in the circuit would cause a great difference 
in the strength of current ; and by causing the second- 
ary coil to be a part of the line circuit, we produce 
in the secondary coil, and hence in the line of which 
it forma a part, induced currents, having as wide 




a range of variation in the line circuit which they 
traverse as the battery currents which induce them 
have in the jirimary coil and cii-cuit ; and they thus act 
with equal vigor upon the diapliragms of all receiving 
telephones in the main circuit, irrespective of the vary- 
ing distances at which they may be placed. 

267. WJuit other types of tranamitting telephone are vsedi 

There are but two other forms of ti-ansmitter that 

have been emi^loyed to any extent. These will be 

now described. 

The first is the Crossley transmitter, which is repre- 

I sented by Figure 133, and consists of a number of varia- 

L 




are produred by arranging on a wooden diaphragm, 
wliich may or may not be furnished on the reverse side 
with a mouth-piece, a compo^^nd microphone, consisting 





The microphone in practice is worked with a battery 
and fitted witli an induction-coil, i^recisely as in the 
Blake and Edison transmitters. The entire apparatus 
is set up for work in the form represented in Figure 134. 

The apparatus is mainly enclosed in a compact box, 
on which is fixed the call-bell, N, a calling-key, E, be- 
ing placed on the front of the box, and the usual au- 
tomatic switch, adapted to operate aa a rest for the tele- 
phone, at the end opposite to the bell. 

The second form is one wherein suitable conducting 
material in a finely-divided condition or in the form of 
a coarse powder is enclosed between two conducting 
surfaces in a battery circuit, the strength of current 
being varied by tlie change of 
position in the particles of the 
powder. The principal type r_ 
of this instrument is th:it 
invented by the Rev. Henry 
Hunnings, and of which Fig- 
ure 135 is a representation. 
A metal plate, B, of any desir- 
ed thickness, is placed in a re- 
cess cut into a suitable block, 
D, and connected with a bind- 
ing-screw terminal, E ; stretched 
over this, and held in place by 
a ring, F, or in other suitable 
way, is a very thin diaphragm 
of metal, A (platinum foil is 
generally used), which is ar- 
ranged at such a distance from 
the first plate as to form a shal- 
low iuter\'ening space. The thin 
diaphragm is connected with the 
second binding- screw, and tlie ^ 
intervening space is nearly fill- 
ed with loose, finely-divided con- ^'e i^" 
ilucting material, C, oven-made coke being found to 
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give good results. The instrument, when in nse, maybe 
connected directly in the line circnit, a battery also being 
included therein, its great initial resletance rendeiing the 
use of an induction-coil unnecessary. Of coiirse tlils 
transmitter is not restricted to any special form. In 
practice a suitable handle is usually added for con- 
venience. Both Crossley's and Hunnings' transmitters, 
though differing materially in detail from one another 
and from transmitters of the Blake and Edison types, 
yet operate on the broad princii:>le of varying the 
Btrength of a battery current by varying the resistance 
of the circuit at one or more points in the said circuit. 
268. What ia DoJbear'a receiving telephone t 
It is a receiver in which the vibmting plate ia operated 
by the vaiiation of a static charge of electricity instead 
of by the variation of magnetism produced by a varying 
cun-ent. 

The instrument in its simplest form is shown in sec- 
tion in the figure, and consists of two metallic discs, C 
and D, about two inches in 
diameter, so mounted as not 
to be in metallic contact. Thia 
is effected by separating them 
at the edges by a flange of 

k\ / \ hard rubber, which forms a 

^-^ \ -[<:\rt of the enclosing case. 

^ \ The mouth-piece is screwed 

- — J down over one of the plates, 
lind a handle over the other. 
I'linmgh the middle of the 
htUidle a screw is sunk, which 
touches the back jdate and 
serves to adjust its flexibil- 
ity. The back plate is thus 
fastened both at the middle 
and at the edges, and therefore 
cannot vibrate, while the front 
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A screw-post, A, is attached, to each plate, by which 
tlie instrument may be attached to the line-wires or to 
the line and ground. It is quite feasible, however, to 
connect but one of the plates to a binding-screw termi- 
nal, for attachment to the line-wire only, and to unite 
the other plate to a metal ring or plate on the knob 
wliich must be touched by the person using the inatru- 
ment. A large induction-coil is essential in connection 
with the transmitter when this receiver is used, and any 
microphonic tmnsmitter will answer. 

389. Why is it usual to place t/ie receiving telephone, when 
not in nse, upon a hook or yoke at the end of a lever' 
switch t 

Upon the introduction of tlie telephone as an instru- 
ment of electrical communication it was found that it' 
could not be depended upon to speak loud enough to 
announce when a message was to be sent, and thus it 
became requisite to place at each station an electric bell, 
by means of wliicli a signal might be given from the dis- 
tant station whenever it became desirable to attract at- 
tention. It was also found to be advantageous for many 
reasons to keep the telephone helices out of the line 
circuit, except during the act of conversation. A 
switch which should be able at any desired moment 
to cut the bell-magnet out from the line, and introduce 
the telephone into the line circuit, and vice versa, thus 
became an essential. A button-switch was first used for 
this pui-pose, but the attendant or user frequently for- 
got to replace the switch, so as to restore the signal-bell 
to the circuit when conversation was finished. This led 
to the device of a lever-switch which should be operated 
by the weight of the telephone ; and the fact that when 
the telephone was laid down the hook or yoke was the 
most natural place for any one to leave it, was relied 
upon to furnish a constant and sufficient reminder for 
persons so to place it, and thus make the required cir- 
cuit change automatically, or without any positive act 
of their own being necessary. 
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270. How is the autmnatie switch generally constructed t 

A bar of metal, terminating at one end iu a hook or 
yoke adapted for the support of a telephone, la pivoted 
in the bell-box, so that the end for the telephone sup- 
port projects some distance on the outside through a 
slot. This bar is permanently attached to the line-wire, 
and when the weight 
of the telephone is on 
the bar it is brought 
into contact with a 
flat . metal spring 
which is united by 
a wire to the bell- 
magnet, and thence 
to earth. When the 
weight is taken from 
the end of the bar 
the outer end of the 
bar is drawn upward 
by a spring, and makes contact with another spring 
united with a wire leading to the telephones, and thence 
to the earth. The connections are shown in the dia- 
gram, Figure 137. 

271. In an ordinary magneto-bell box what other office is ordi- 
narily performed by 
the automatic switch t 

Since the general 
introduction of the 
battery tmnsmit- 
ter, in addition to 
the work of trans- 
ferring the main- 
li ne connection 
from the signal-bell 
to the telephone 

branch, the auto- Pig.m. 

matic switch-lever is so arranged as to close the local 
battery circuit of the transmitter when the telephone 



Fig. isr. 
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is taken from its support. Owing to the general use of 
open-circuit batteries for this work such a contrivance 
is necessary. For convenience and compactness the 
battery circuit is led into the bell-box, and terminates 
therein in two flat springs, which, when the telephone 
rests upon its lever, have no communication with one 
another. Leaving the carbon pole of the battery, a wire 
may be led to the transmitter ; there the circuit is 
through the contact points and the primary circuit of 
the induction-coil ; from the transmitter it goes to the 
bell-box to one of the flat springs, while a wire from 
the other spring connects with the other pole of the 
battery. The act of removing the telephone from its 
place of rest, and the consequent recoil of the switch- 
lever, is made to interpose a metallic connecting piece 
between the two flat springs, and so the circuit is closed. 



CHAPTER XXII. 



ElECTEO-THEEA PEnxrcS. 

272. What ii meant by the compound term ^^ ekctro-phyn- 
ology"t 

Electro-physiology is tliat branch of electrical science 
which treats of animal electricity and its laws ; and also 
of the phenomena produced by the action of electricity 
upon the skin, muscles, and other organs of liring be- 
ings when in a natural or healthy condition. 

873. What effects may be produced in the. body by the appli- 
cation of electricity i 

When a current from a battery of considerable elec- 
tro-motive force is passed through the human body it 
produces a disagreeable tingling or burning sensation at 
the points at which it enters and leaves tlie body. A 
sudden and strong current of short duration, such aa 
would be produced by the discharge of a Leyden jar, 
when sent through the body, produces what is gene- 
rally known as an electric shock. The disturbance 
caused in the animal system by such shocks can be 
made so great as to produce severe illness, or even death. 
Deaths by lightning are due sometimes to the sudden 
discharge of electricity from the body, which has been 
inductively charged by the clouds, and sometimes to the 
direct stroke. 

The passage through the body of a rapid succession of 
magneto-currents, or of currents from an induction-coil, 
produces a species of temporary paralysis or numbness,' 
so that a person grasping the electrodes connected with 
a source of electricity cannot let them go, but is con- 
strained to convulsively hold them uutU the cessation of 
3 currents. 
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That many modifications may be made in tlie condi- 
tion of an animal body by electricity is very evident 
from the contraction of muscles and nen'es when sub- 
jected to its action ; and also from the fact that the 
Quids of the body are all compounds of several ele- 
ments, and hence are all capable of electrolysis. 

874. Wliat is tJte meaning of the words therapeutics and e7ec. 
tro-therapeutics f 

Therapeutics is the name of the science of healing. 
Electro- therapeutics is the branch of electrical science 
that treats of the study of electricity in its relation to 
disease and as applied to tlie healing or alleviation of 
disease. It is a very old idea ; indeed, the remedial 
powers of electricity are referred to by Pliny. Only 
quite recently, however, has it advanced to tlie dignity 
of a science, and its practical history may be traced from 
the year 1743, when Krnger d'Helmstadt suggested that 
frictional electricity might be made serviceable in the 
practice of medicine. From that time until the dis- 
covery of the voltaic battery, hfty-six years later, fric- 
tional electricity was considerably used as a remedial 
agent, with varying success. In 1799 the voltaic battery 
was first constructed. This gave new life to electro-the- 
rapeutics, and rapidly superseded the use of frictional 
-electricity; and voltaic currents yet subserve valuable 
purposes in this department, and are extending their 
usefulness continually. Another advance was made in 
1832, when Neef, of Frankfort, commenced to use the 
rapidly alternating currents of magneto-electricity in 
the treatment of diseases. For a long time, however, 
electrical treatment was regarded as a species of quack- 
ery, but is now fully recognized as a valuable element 
in the healing art. 

Both battery and magneto currents are at the present 
time extensively employed in electro-therapeutics. 

275. What are the names applied by the medical profession 
to the three forms of electricity we have referred to i 
The first, frictional electricity, is often denominated 
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Franklinic, because of the large share borne by Frank- 
lin in its application to medicine. The second form is 
generally called Galvanic, and its application ia called 
" electiTzation by galvanization," because Galvani, the 
Italian physician, by his researches brought the subject 
prominently before the scientific world, whicli publicity 
resulted in the concexttion and construction of the bat- 
tery by Volta. The third form is by the medical pro- 
fession called Faradic electricity, because Faraday was 
the discoverer of magneto-currents and the method of 
producing them. 

276. W}iat instrumentalitiea are princijmUy employed in elec- 
tro-therapeutical applicatioHB f 

The direct cun'ent of a battery is sometimes employed 
through the intervention of a coil, which is composed 
of wire varying in thickness at different parts of its 
length, and furnished with a switch, by which more or 
less of the coil may be placed in circuit ; a circuit- 
breaker is also provided, by which, if desirable, a suc- 
cession of shocks may be produced. Frequently a com- 
plete induction-coil is employed, in which case the elec- 
trodes of the secondary coil are applied to the patient. 
Magneto-electric machines are also extensively used for 
medical purposes, and are very convenient for the ap- 
plication of rapidly recurring pulsations of alternating 
direction. 

277. What ia meant by eleetro-surgery f 

It is a branch of electro-therapeutics which exclu- 
sively treats of the application of electricity to such 
diseases which are commonly known as surgical. In 
addition to the ordinary methods of application by 
passing electricity through the body or portions of the 
body, it includes two other methods — i.e., galvano-can- 
tery and electrolysis, which two are peculiar to it. 

Electro- surgery as a special branch dates back only 
as far as 1825, but is, perhaps, now the most valuable 
feature in the entire field of electro-therapeutics. 

Galvano-cautery means the practice of burning or 
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searing by a wire of high electrical resistance, heated 
by the i^assage of electricity through it. This method 
Is often nsed in the removal of tumors and cancers. 
Electrolysis, which implies the art or process of de- 
composing a compound substance by electricity, is 
cliieily applied to the decomposition of morbid growths. 
or to organs affected by chronic inilammation, by 
means of some form of needle electrodes, which are 
inserted in the diseased part. 

278. What i9 the approximate electrical resistance of the hu- 
man body f 

The resistance, in ohms, of the hnman body averages 
about as follows : From one hand to the other, through 
the body, hands dry, over ten thousand ohms ; same 
with hands wet, six thousand ohms. 

From mouth to hand, hands dry, eight thousand 
ohms ; same with hands wet, five thousand ohms. 

These results were deduced from measurements 
made of eight persons by Professor A, E. Dolbear, of 
Tufts College, SoraerviUe, Mass. 

279. What is an electrical probe f 

The electrical explorer, or probe, is a little instru- 
ment employed to ascertain the presence and location 
of metallic bodies in wounds. 

It is in shape much like the Edison electric pen, and 
consists of a slender rod or sound, which encloses two 
conducting wires or needles, insulated from one another, 
and covered entirely by a non-conducting substance. 

The points are uncovered, and the other or outer end 
of the sound supports in a convenient stand a little vi- 
brator, or trembling electro- magnet. One of the probe 
conductors is attached to the electro-magnet, and the 
other by a flexible cord to the battery direct ; the other 
pole of the battery is connected with the second magnet- 
wire. When the circuit is closed by the contact of the 
two probe-points upon a metal surface — for example, a 
leaden bullet^the batt(?ry current traverses the magnet, 
causing the armature to tremble. The depth at which 
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the bullet lies is simultaneously made known by the ex- 
tent of insertion. 

The first electric exploration of wounds occurred in 
1863, and was conducted substantially upon the above 
principle ; instead, however, of the vibrating magnet a 
galvanometer was used as an indicator. 




CHAPTER XXIII. 

OTHER APPLICATIONS OF ELECTRICITY: — ELECTRIC CLOCKS 

— TIME-BALL9~ALARMS — BLASTING TRANSMISSIOrT OP 

POWER— ELECTRICAL STORAGE. 

280. What are electric clocks f 

They are clocks wliich are either driven or controlled 
by electricity. In clocks which are driven by electricity 
the ordinary use of a spring or weight is dispensed 
with ; and instead of using the pendulum to retard 
and regulate the motion, it is employed to propel the 
hands, being itself attracted alternately from side to 
side, The second class of electric clocks ia that in 
which a clock of otherwise ordinary character, driven 
by weight, controls or governs by electricity a number 
of subordinate clocks. 

A clock of the former class consists, usually, simply 
of a pair of hands adapted to rotate round a dial, and 
placed on the axis of a ratchet-wheel, which, by means 
of an electro-magnet, armature, and pawls, is caused to 
advance one tooth with every two swings of tlje pen- 
dulum. 

Clocks of the second class, on the contrary, are gene- 
rally constructed with a regular train of clock-work, the 
escapement of which is alternately released and retained 
l)y an electro magnet, which is charged and discharged by 
" the action of the controlling clock, which makes and 
breaks the circuit of the said electro-magnet. 

281. When and by whom were electric clocks of the first 
variety invented f 

The clock in which electricity supplies the actual 
K motive power was first suggested by Alexander Bain in 
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the year 1840. In the next year, 1841, he, in conjunction 
with a Mr. Barwiae, obtained a patent for the application 
of electricity to the regulation and movement of clocks. 
The patent specified for its principal object the mov,e- 
ment of several clocks by currents of electricity, trans- 
mitted at regular intervals by the agency of a clock of 
ordinary character, which, of course, indicates tlie second 
system we have spoken of ; and it is probable that Mr. 
Bain would have succeeded better had he carried out that 
system. But by a subsequent improvement each clock 
was made to move independently by electricity, and this 
method was at that time regarded as a much more perfect 
invention. 

The arrangement by which this is accomplished will 
be understood by reference to the annexed figure. The 
pendulum-bob. A, consists of a 
hollow coil of covered copper wire, 
and is suspended from the rod B, 
the wii-es, e d, from the ends of the 
coil, being carried up the pendu- 
lum-rod, and at the upper end 
thereof maintained in metallic con- 
nection with two springs from 
whicli the rod hangs. A brass 
tube, C, about two inches in diara- 
et-er, passes through the coD, there 
being sufficient space left for the 
coil to move backward and for- 
ward without touching. Wittiia 
this tube, and on each side of it, 
are placed permanent bar mag- 
nets, with their similar poles, n n\ presented towards one 
another at a distance of about four inches apart, 
^^ When an electric current passes through the coil. A, it 
Instantly becomes magnetic ; the end towards the right, 
we will suppose, having a south polarity, and that 

r>wards the left a north polarity. The coil is conse- 
Ml ■ 




Httently attracted towards the right, and is repelled by 




I the magnets on the left, aa the pendulum swings in that 

I direction. 

Before arriving at the end of its vibration tlie connec- 
tion with the battery is broken by the action of the 
pendulum ; the magnetic property of the coil instantly 
ceases, and it descends by the force of gravity. On as- 
cending the other arc of its vibration, contact is made 
with the battery, and a current is sent through the coil, 
but in the reverse direction ; so that the left hand of the 
coil haa south polarity given to it, and the right become 
the north pole. By this reversal of the current, the coil 
is impelled towards the left, and the vibrations of the 
pendulum are thus maintained for an indefinite time. A 
light frame attached to the upper end of tlie pendulum- 
rod carries springs which connect with the coil-wires, e 
d, and make and break the battery contacts, and reverse 
the direction of the current thi'ough the coil. 

Fig. 140 shows the mode in which the vibrations of the 
pendulum are made to propel the hands. An electro- 
magnet, A, is fixed on 
the top of the clock, and 
the current is sent 
through tlie coil on each 
■vibration of the pendu- 
lum. Upon each electri- 
cal pulsation the magnet 
attracts the armature, 
B, to which the pawl, D, 
is attached, and this, 
engaging with the teeth 
of the ratchet-wheel, E, 
advances it one tootli. 
The wheel is prevented 
from falling back by the retaining pawl, Xj. By this 
arrangement the ratchet-wheel is advanced one tooth by 
two swings of the pendulum. Thiis when the wheel 
contains thirty teetli, and the pendulum vibrates once a 
second, the wheel will make one complete revolution 
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every minute. That wheel will, therefore, constitute the 
seconds-wheel of the clock, and the minute and hour 
hands may be moved by it in the same manner as in 
ordinai-y clocka. 

Mr. Bain worked these clocks by means of an earth 
battery consisting of a large plate of zinc and a quantity 
of coke buried in muiat ground. They did not work very 
satisfactorily, chiefly, no doubt, because of the unstable 
nature of the battery. 

883. flbwj may clocka of the character described above be 
governed by a central clock, and by whom was such a method 
devised f 

As we have seen, Mr. Bain described such a system in 
his patent of 1841. Wheatstone, however, is generally 
regai-ded as the first person to conceive the idea of a 
Bumber of clocks governed or controlled by a central 
clock. His ideas were greatly improved by Mr. R. L. 
Jones, an English raib-oad man, and Mr. Ritchie, of 
Edinburgh. Clocks operated upon this general plan 
have had considerable success, and are largely used in 
connection with observatories and many other large 
establishments. 

Mr. Jones used clocks made on the Bain principle. 
The standard or governing clock is the only one provided 
with a circuit breaker or changer, and its pendulum is 
not under electrical control. In short, it is of the usual 
construction, except that it is made to operate a circuit- 
breaker. 

Tlie iteiiduhims of the copying clocks have no break, 
as the primary pendulum performs the circuit-breaking 

necessarily maintained lo- 

not entrusted completely to 

icity, but are moved by their 

if their sujtply of electricity 

on for a time without it. 

'\ro(>n the two controlling forces 

nd by this system, therefore. 
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copying clocks of little value may be made as perfect 
^s the most costly observatory clock. 

283. How are clocks of the second variety to he operated, and 
by ifhom were they first a7~ranged f 

As already indicated, these clocks may have a regular 
train of mechanism, and may be operated, as shown in 
the annexed figure, by an electro- magnetic escapement. 
One pendulum may serve any number of clocks. At 




each clock is an electro-magnet, B, the armature of 
which is a permanent bar magnet, N S, carrying an es- 
capement, D, which works into an escapement-wheel, E, 
and thus either positively propels the clock or regulates 
its movements. The pendulum may be placed in one of 
the clocks, and by dropping its points, A, into the mer- 
onry-cups, m', alternately, continually reverses the cur- 
rent of the battery, Z C, through the escapement magnet, 
B. Any number of these magnets may be worked in 
series by a proper proportionment of the battery. 

The first introduction of this principle into electric 
hcirology was made by a Mr. Shepherd, of London, who 
exhibited the arrangement publicly at the International 
Exhibition of 1851. 
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284. How may time-balls and time-guns be operated f 
They are operated by being electrically connected 
witli a clock which is arranged to 
complete a circuit by means of con- 
tact-springs, and thus at any pre- 
determined time attract the arma- 
ture of an electro-magnet and re- 
lease a trigger, which x>ermits the 
ball to drop or fires the gun. The 
method will be understood on an 
examination of the annexed figure, 
143 A time-ball is usually a large 
wicker globe covered with painted 
canvas or flannel ; this is fixed to a 
piston which falls down into a bell- 
moutlied tube just air-tight enough 
for the air to act as an elastic cush- 
ion. It is hauled u^ by hand a few 
minutes before the time at which it 
is to be dropped. 

285. How can ordinary clocks.be made 
to ring bells at any desired time f 

There are several ways of doing 
this. One of the easiest is to place 
on the arbor of the hour-hand a cir- 
cuit-wheel of non-conducting mate- 
Tial having a small piece of metal let in at one point of 
its periphery and extending through to the metal of 
the arbor, so as to be electrically connected with the 
frame and works of the clock. 

The wheel is made to fit, by friction only, upon the 
arbor, and ia just tight enough to prevent slipping, 
while it is sufficiently loose to be easily moved round 
for setting at any desired point. A flat spring is attach- 
ed to an insulated base and made to press lightly on the 
«dge of the circuit-wheel ; it is connected with one pole 
of a batterj-. The metal part of the circuit -wheel, by 
melius of the fmme and clock-work and a connecting' 
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wire, is united to one binding-screw of the alarm-bell, 
and the other screw of the bell to the second pole of the 
battery. AVhen, by the movement of the clock, the 
spring is brought into contact with the metal piece on 
the edge of the circuit-wheel, the circuit is closed and 
the bell rings until the metal has passed from under the 
spring. The wheel, being only attached to the arbor by 
friction, is easily readjusted. 

Sometimes an arrangement like the above is unsatis- 
factory, because the wheel, being on the hour-hand 
arbor, rings the bell too long ; when such is the case a 
second circuit-closer is attached to the arbor of the 
minute-hand, which closes- the battery circuit at that 
point once an hour. But as the circuit is also open on 
tlie hour-hand wheel, the bell cannot ring ; therefore 
only when both circuiJ^closers close at the same time 
can the bell ring, and only for the length of time that 
the wheel on the minute-hand arbor takes to pass its 
spring, which time can be made very short. 

Another way is to insert one or more metal points in 
the face or dial of the clock, connecting all the points to 
one of the bell and battery wires, and then to arrange a 
trailing spring to travel round, attached by friction to 
the hour-hand arbor, and connected with the other bat- 
tery wire ; a little switch is provided in each of the 
wires leading from the metal points to their main con- 
necting wire, and the switch of the point at which the 
bell is desired to ring is closed. 

286. What are the principal methods of blasting by electricity t 

Passing a spark discharge, produced either from a 
irictional machine or a Ruhmkorff or Ritchie coil, 
through a fi]se of fulminating powder, which in its 
deflagration kindles the larger charge of gunpowder 
or other explosive, is one very general method. 

Another way frequently adopted is to arrange a fuse 
in which a very fine platinum wire is joined in circuit 
with a pair of stout conducting wires leading from a 
battery. This wire becomes heated wlieu the current 
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flows, and, being laid amidst an easily combustible sub- 
stance, the latter is ignited and sets fire to the charge, 

287. Describe more particularly how frictional or high-tension 
electricity, such as that developed by the frictional viachine or 
induction-coil, is uned to explode charges. 

A fuse is made, consisting of a hollow rod of gutta- 
percha or some other suitable non-conductor, and in 
this are placed two insulated wires with their ends 
bared ; one of these wires enters the non-conducting 
rod at one end, and the other wire enters the other end, 
so that their bared ends tend to meet one another. 
These ends ave not permitted to touch, but remain a 
little distance apart ; they are, however, connected by a 
layer of the fulminating material or mixture, which is 
preferably a composition of sub-sulphide of copper, 
8(ib- phosphide of copper, and chlorate of potash. A 
f nse has been employed which is based upon the action 
which india-rubber has upon copper. It has been as- 
certained that wlien copper wire is insulated with vul- 
canized india-rubber its surface becomes covered, after 
a lapse of some months, with a layer of sulphide of 
copper, which is capable of conducting electricity. The 
f nse is ingeniously formed by removing a portion of the 
covering from a loop of such wire, as in Figure 143, and 
then cutting away a very small pitjce of the wire. 



>^>^>^>^>C 



A and B represent the wires leading from the sonrceof 
the electricity, and the current, intprrnpted by the space 
between the points a and b, takes the route by means of 
the sulphide of copper which coats the inner surface of 
the covering, igniting it, and with it any inflammable 
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substance, like gunpowder or gun-cotton, wliicli may be 
placed in the cavity. 

If the exploding is done by an electric machine it is 
better to first charge a condenser by means of the mar 
chine, and then discharge the condenser through the 
fuse. In addition to the sources of electricity which 
have been already mentioned^/.e., the electric machine 
and induction-coil — a magneto electric machine is fre- 
quently used ; while if the fuse employed is composed 
of the three ingredients first described it is quite possi- 
ble to explode it even with a battery current. 

288. Describe more particularly how electricity generated hy a 
battery or dynamo-electric machine is ttsed in blasting. 

The battery or dynamo-machine being provided, wires 
are led from its poles to the different points at which 
the explosions are to be produced. At these points the 
large wire, which is insulated, is cut, and a small piece of 
very fine platinum wire stretched between the two ends 
of the break. As many of these platinum joints as are 
desired are in this way placed in the circuit. The fuse 
is caused to surround the fine wire, which should bo 
coated with fulminate of merciiry. Upon closing the 
circuit of the 
battery or ma 
chine the fine 
wires are heat 
ed to redness 
by the passing 
electricity, and 
explode their 
charges. 

In the accom- 
panying figure 
the circuits are 
represented as 
being arranged 
to operate tlie exploder from a safe distance. The fuse, 
being hidden in a hole drilled in the rocks, is connected 




I 



I 



f 



S32 ELECTBIOITY, MAGNETISM, AND TELKGRAPHV. 

by wires, a b, with a battery, B, tlitj circuit of this 
battery passing also tlirougli the contact-points of the 
relay, R. The relay electro-magnet is in the cii-cuit of 
the battery L, by means of the wires x y, and when the 
main circuit is closed by the depression of tlie key, A, 
the relay armature is attmoted, the local points come 
together, the local circuit is closed, and the charge is 
fired. The battery B and relay, R, are, of course, 
placed in a protected position. 

280. What advantage has the second plaii over the first f 
It has two advantages : first, that the condition of the 
conductors may be tested after they are laid, from time 
to time, as frequently as may be desirable, by feeble 
currents which will not heat the platinum wires to any 
great extent ; and, second, that several insulated con- 
ductors may be laid in one cable without interfering 
with each other, which cannot be done when a fuse is 
fired from a condenser discharge, owing to the powerful 
currents induced in the adjacent wires, whicli would fire 
the fuses attached to all the wires whenever an electri- 
cal current or impulse was passed along a single wire. 
290. Has electricity been applied to the production of motion;1 
Yes ; the idea of a moving force derived from electri- 
city, and especially through the medium of electi'o- mag- 
netism, was one of the earliest in the history of electri- 
cal science. 

Numberless attempts have been made to embody the 
idea in a pi-actical form ; nearly all of them, up to the 
year 1873, being based upon one principle — namely, 
the instantaneous production and destruction of force 
either by making and breaking the circuit of a battery 
which includes one or more electro magnets, or by re- 
versing continuously the currents in the circuit and 
through the electro-magnets. 

One of the earliest electro-motors of which we have 

any knowledge is that of Professor Jacobi, who in 

^834, under the auspices of tlie Russian government, 

^(UStructed an electro-magnetic engine of considerable 
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power. This was fitted in a boat 28 feet long, 7^ wide, 
and drawing 2i feet of water. The boat moved, when 
propelled by the engine, at a rate of four or five milea 
per hour. A battery of sixty-four cells was used to 
excite the engine. Some years later an electric engine 
was built by a Mr. Davidson, in Scotland, and tried 
on the Edinburgh and Glasgow Railway, but no great 
power was developed by it. 

One reason why these engines developed so little 
power is the very limited sphere of magnetic attrac- 
tion, and in order to overcome this disadvantage enginea 
with axial magnets, or suck- 
ing-coils, were devised. In 
these a core of soft iron is 
drawn alternately into and 
out of a hollow coil as the 
circuit is made and broken, 
and the reciprocating recti- 
linear motion thus produced 
is ti-ansformed into a . regu- 
lar circular or rotary motion 
by a connecting Tod, a crank, 
and a ii^-wheel- Our own 
I'ig- "5. countryman, Charles G-raf- 

ton Page, contrived a great many such engines ; and 
one of the simplest is shown iu the engraving, Figure 
145. 

M. Froment, of France, has made one of the best of 
this class of motors. Figure 146 represents this ma- 
chine. It is made on the same principle as those already 
described — that is, the successive break and make of 
the current through the several electro-magnets. These 
magnets, A, B, C, and D, are four in number, and are 
fastened on an iron frame, X. A drum carrying eight 
Boft-iron armatures, M M, rotates between the electro- 
magnets. The battery current enters at the screw-post, 
K, passes through the machine, and leaves at the sec- 
ond terminal, H. The current is broken, and each 
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magnet neutralized, just as the armature comes oppo. 
site to its poles ; the magnetic power being restored at 
the moment when each armature bas passed one-hali 
the distance which sejiarates each electro-magnet from 
the nest. These changes are made by a suitable circuit- 
breaker arranged on the metal arc, O. In the figure this 




motor is represented as supplying power to turn a small 
mill. 

291, Have ouch electro-magnetic motora been practically site- 
: cesgfuli 

No ; several reasons have prevented this. In the first 
lace, it is a physical impossibility for power derived 
1 the consumption of zinc and acids in a voltaic bat- 




' tery to compete economically with power derived from 
the consumption of coal to produce steam. The con- 
sumption of the metal at the circuit-breaking points is 
also very rapid, necessitating close attention and mOitat- 
ing against satisfactory work. Moreover, the power in 
such engines operates under gi-eat disadvantages, and 
the transformation of electix)-magnetiam into mecliani- 
cal energy is attended with great loss, chiefly owing, as 
before iudicated, to the fact of the rapid diminution of 
the attractive power of the magnet aa the armatui-e re- 
. cedes from it, the said attraction varying inversely as 
I the square of the distance. 

Some years since the late Dr. Joule published his bril- 
liant researches, in which he showed that the potential 
energy of zinc was so much lower than that of coal that 
it was impossible that a motor driven by the consump- 
tion of the former substance could ever successfully 
compete with steam, except in certain special cases 
where the power required is very light. 

292. On ichat principle may practical electro-motora be con- 
Mructed f 

During the last ten years, electro-motors have not only 
become practical, but also numerous. 

The principle upon which the modern electro-motor is 
constructed and practically operated is so well formu- 
lated by Franklin L. Pope, in a series of articles re- 
cently written for the "Electrical Engineer," and entitled 
"The Inventors of the Electric Motor," that we are 
willing to adopt the definition. It is stated by Mr. Pope 
to be "The method of producing mechanical power by 
the application of electro-magnetism, which consists in 
combining with a suitable source of electricity two sys- 
tems of electro-magnets ; one system mounted upon a 
shaft rotating continuously in one direction ; the other 
fixed in relation thereto, and a commutator actuated by 
the rotation of said shaft, acting to instantly reverse 
the polarity of one of said systems, when by reason of 
their mutual attraction the revolution of the shaft has 
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brought the poles of the moving magnetic system into 
coincidence with the poles of the fixed system." 

It is now well known that this principle wliich under- 
lies the modern electric motor was also embodied in a 
motor built as early as 1834 by Thomas Davenport, a 
blacksmith of Brandon, Vermont ; a man far ahead of 
his time, who not only built electro-motoi'S, but who used 
them for tractive purposes. Had the world been ready 
for the electro-motor, and had the source of supply also 
been ready, we should have had the motor fifty years ago. 

The discovery and construction of the modern dynamo 
made possible the practical motor, wliich in its essentials 
is nothing but a dynamo made to act as a motor by pass- 
ing a suitable current of electricity through it from 
some external source. In spite of Davenport's early 
work, it was not until about the year 1872 that elec- 
tricians fully recognized the reversibility of the dynamo. 

293. How are dj/iiamo-electric madhtHM arranged to operate as 
motors^ ami how may power by their agency he transmitted f 

Power from any convenient source, such as a steam- 
engine or water-wheel, is caused to drive one dynamo- 
electric machine, a belt being carried from the motor to 
the armature-pulley of the machine, and the armature 
is thus rotated. The rotation of the armature between 
the magnet-poles develops electric currents in its coils, 
which, if led away by conducting wires connecting at 
their distant extremities with the terminals of a second 
dynamo-electric machine, cause the armatiire of the 
second machine to rotate rapidly in the opposite direc- 
tion to that of the first ; a pulley may be placed on the 
armature -shaft of the second machine, to which a belt 
is attached to convey the power thus reproduced wher- 
ever it is wanted. 

The first machine thus generates the current, which is 
utilized in imparting motion to the second machine. 

The work done by the original power is in the first 
machine transformed into electricity, and can then be 
conveyed or transferred by conducting wires to the dif- 
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ferent points where it is required ; arriving at such 
points, it is passed through the armature and field-mag- 
net coils of other machines, causing the armatures to ro- 
tate and to reconvert the electricity into motive power, 
which by any well-known means may then accomplish 
its work. 

As much as sixty per cent, of the original power has 
in this manner been experimentally reclaimed under 
favorable circumstances ; or, in other words, the pulley 
of the second machine has been known to exercise a power 
equal to sixty per cent, of the original power required to 
work the armature of the first or generating machine. 

39-1. Has electriccd power so transinittnil been utilized to any 
great extent f If so, where and how? 

The complete utilization of this important application 
of electricity is still in the future. 

Already, however, it ia employed to an enormous ex- 
tent. Small motors whereby power can be distributed 
to any number of points and used only as required are 
much used throughout the civilized world. For this 
purpose the electrical transmission of power is very con- 
venient. It requires no shafting. The supply wire can 
easily be led round comers ; and power can more readily 
be economized. 

The most interesting and important feature of the 
subject of electro-motion at present is the bearing which 
it has upon the railway problem. 

Already it has been applied to the greater proportion 
of the American street-railways, and in other ways to 
locomotion in this and other countries. So far as the 
motor itself is concerned, the differences of the several 
styles employed are mainly structural. 

But there are several different modes of enabling the 
electricity to reach the vehicle. The two broad methods 
are: 

First. To provide a central station where dynamos are 
located and operated, and to connect the dynamos with 
conductors which are stretched along the aide of the 
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railway, continuing the circuit through the car motor by 
means of a traveling conductor, which forms one or both 
motor terminale, and which slides or rolls along the line- 
conductor, taking from it all the time electricity to work 
the car. 

There may be two conductors stretched along the rail- 
way, in which case the circuit is metallic ; or there may 
be but one, in which event the rails are employed as the 
return conductor. Furthermore, the line-conductor may 
be supported overhead in the form of a wire ; it may be 
on the surface of the road in the form of an insulated 
rail ; or it may be buried in an underground conduit 
from which it is insulated, and which is longitudinally 
dotted to receive the motor terminal. 

Second. To provide a storage battery, and to carry it 
on the car, thus making each car not only a locomotive, 
but also a local motor. 

295. WJiat are secondary batteries f 

Secondary batteries, frequently but eiToneously called 
accumulators of electiicity, are batteriea which originally 
have no electro-motive force of their own, but are capable 
of being acted upon by an external source of electricity 
in such a manner that they acquire the power to give out 
an electric current opposite in du-ection to that of the 
external source by which they were treated. Secondary 
cells consist of two plates, of identical material or char- 
acter, immersed in some suitable liquid, such as water. 
Normally such a cell can liave no electro-motive force, 
because as the plates are alike and immersed in the same 
liquid there is no difference of potential between thera, 
and consequently no E. M. F. and no tendency to set up 
a current of electricity. But if we connect such a cell in 
circuit with an active voltaic battery or a dynamo-electric 
machine, or, in fact, with any other generator of sti-ong 
and constant direct currents, a result occurs which we 
may regsird as the storage of electrical energy. It has 
been found that if the immersed plates are made of lead 
the secondary efEects are more powerful and lasting than 




if other metals ai-e used ; therefore it has become custom- 
ary to employ leaden plates in these batteries. More- 
over, since it is well known that acidulated water has a 
much higher conductivity than pure water, and also aids 
the action of the cliarging current, it is usually employed 
as the liquid in which the plates are immersed. When 
the cell of leaden plates immersed in water acidulated 
with sulphuric acid is subjected, to the action of the 
■charging source, that plate which is connected with its 
positive pole, or, in other words, that plate of the second- 
ary cell at which the current from the charging source 
enters, becomes covered with a spongy brown surface of 
peroxide of lead, whUe the other plate is deoxidized by 
the liberation of hydrogen from the dilute acid. When 
the leaden plates arrive at this condition the battery is 
said to be charged, and tends to furnish an electrical 
current, as already stated, in opposition to that of the 
■charging current. If the original generator is now re- 
moved, and the wires leading from the two electrodes of 
the secondary cell are connected together by a conducting 
wire, so as to form a closed circuit, it will be found that 
a current of electricity will pass through it from the 
peroxidized plate to the other, the bright or deoxidized 
plate becoming gradually oxidized, and the oxidized sur- 
face of the other becoming gradually reduced to a less 
oxidized condition ; and the current will continue to flow 
until the two leaden plates are again brought to a similar 
condition. This identical phenomenon opei-ates in nearly 
all voltaic batteries to coat their own plates with the 
gases oxygen and hydrogen, and is called "polarization 
of plates," 

396. Qine a short account of the histury of the secondary cell. 

The history of the secondary cell dates from the year 
1801. Gautherot, in that year, found that the wires of 
platinum or of silver, which had been employed as elec- 
trodes of a voltaic battery in the decomposition of salt 
Water, acquired, and retained after they were discon- 
nected from the battery, the power of yielding a transient 
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cnrrent; this was, of course, due to polarization. In 
1803 a philosopher of Jena, Ritter by name, observed the 
same phenomenon, using wires of gold ; and, attaching 
some importance thereto, constructed the iirst secondary 
pile, which, like the pile of Volta, was an actual pile of 
discB, consisting of alternating discs of copper and moist- 
ened card, piled one upon another, and moistened with 
a solution of salt or sal-ammoniac. 

It was found that this pile, after being connected for 
some time in the circuit of an ordinary voltaic battery, 
received a charge which was capable of giving a consider- 
able shock. Ritter, however, did not succeed in discov- 
ering the underlying principle of this phenomenon, and 
the only result accruing from his experiments seems to 
have been that they attracted the attention of other ex- 
perimenters. In 4842 Professor Grove constructed his 
gas-battery, which was a true secondary battery, in which 
the secondary cun-ents were produced by the recombina- 
tion of oxygen and hydrogen, previously separated, by 
electricity derived from an external source. M. Gaston 
Plants, as early as 1859, followed up these researches by 
vigorous and persevering experiments, and succeeded in 
producing a really valuable and practical secondary bat- 
tery, which has been utilized for a variety of purposes : 
it has been made to produce light ; it has been extensively 
employed in galvano-cautery and other surgical applica- 
tions, in telegraphy, and even as a propelling power for 
velocipedes and pleasure-boats. Undoubtedly the present 
state of the electrical storage of energy, and our present 
knowledge of secondary cells, is due more to M. Plante 
than to any other person. No advance was made upon 
the batteiy of Plante until quite recently. In the spring 
of 1881 it was announced that "a bos of electric energy 
equivalent to nearly a million foot-pounds" had been 
transxrorted from Paris to Scotland in perfect safety. 
This statement was soon after confirmed by Sir William 
Thomson, to whom the box was consigned, and at the 
time attracted considerable attention. It was subse- 
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quently ascertained that this box was really an improved 
secondary battery, constructed upon the plan of M. 
Camille Faure, who in 1880 conceived the idea of giving 
to the two plates of the cell to be constructed a prelimi- 
nary coating of red lead, which rendered them much 
easier of reduction to the necessary condition for speedy 
charging. By M. Faure's improvement the time spent 
in the formation of the cell was reduced from months to 
days. The ultimate result is the same as in the Plaiite 
cell — namely, the development, upon leaden plates im- 
mersed in acidulated water, of a coating of peroxide of 
lead, which may easily and quickly be reduced to the 
loosely crystalline metallic condition. By the process of 
"formation," in which the current from a dynamo-electric 
machine is sent through the secondary cells for several 
days without intermission, the coating of red lead is on 
one plate transformed gradually to a spongy metallic state, 
and on the other tw a spongy surface of peroxide of lead. 

Since the improvement of M. Faure was made public 
many modifications of his process, as also innumerable 
alternative methods of achieving the same result, have 
been introduced. It may be here stated that an impor- 
tant part of Faure's process was the protection of the 
red-lead coating of the plates by means of envelopes of 
flannel or felt ; and that the great majority of his suc- 
cessors present no other novelty than to dispense with 
these envelopes, and to substitute perforations, channels, 
or grooves in the lead plates, by which the adhesion of 
the oxide is facilitated. 

It was thought by many, upon the introduction of the 
Faure cell, that the difficulties attending the storage of 
electrical energy had all been overcome, and that results 
heretofore impossible were now to be gained ; but it does 
not, after a lapse of two years, appear that these expecta- 
tions have been realized, except to a very limited extent. 

297. &ive a description of tiie PlanU cell. 

A containing-vessel of any suitable material, such as 
glass or earthenware, is partly filled mth a solution 
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consisting of nine-tenths water and one-tenth sulphuric 
acid. In this liquid two sheeta of lead rolled together, 




but kept from touching by strips of rubber rolled 
between them, are placed. Figure 147 represents the ap- 
pearance of the sheets while being rolled, and also shows 
them after they are rolled into form, 

An air-tight stopper, in which is a 
hole for introducing or withdrawing 
the liquid and for the escape of gas, 
covers tlie vessel, which is very tall. 
The battery at this stage of its manu- 
facture is represented by Figure 148, 
The whole is now sui-mounted by an 
ebonite cover, which is fitted with two 
binding-screws to attach to the wires 
of the charging battery, these termi- 
nals being permanently connected with 
the leaden plates. This cell, as already 
indicated, ia inert until one of the 
electrodes becomes completely oxi- 
dized, which, when the cell is new, 
*^'^ '*'* takes a very long time. When, how- 

ever, the cell has once been brought to its proper condi- 
^on it is recharged very quickly. Tlie charging may be 
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I done by the use of two or three Grove or chromic-acid 
cells, as shown in the accompanying engraving, or by a 
dynamo-electric machine. 

The "forming" of the cell, after it is once set up, 
simply consists in alternately passing the charging cur- 
rent through it and discharging it, each alternate charge 



I 




being sent through the secondary cell in the opposite 
direction to the one immediately preceding. The time 
of each charge is gradually increased, and the work of 
formation thus goes on for several months, until a thor- 
oughly formed cell is produced. The electro-motive force 
of this cell when fully charged may be as high as 3.38 
volts ; and as its internal resistance is not greater than 
0,12 of an ohm, the current through a short wire of large 
size is of very considerable strength. As a method of 
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298. How may a small seeotidar^ battery be easily constructed 
illustrating the foregoing principles? 

Take a glasa of any convenient size and shape (a tum- 
bler, for example), and nearly fill it with water acidu- 
lated with one-eighth of its bulk of Bulphnrie acid. 
Now cut two small strips of clean sheet-lead of a size to 
match the glass, pei'haps three inches long, three-quar- 
ters of an inch wide, and one-sixteenth of an inch thick. 
A card-board cover may be made for the glass, with two 
slits cut in it so that the ends of the lead strips may 
be passed through and bent over ; they are thus held in 
place, and the ends which pass through are fastened to 
wires. Couple up two or three cells of any battery (the 
gravity battery will do) in series, and one of the battery 
wires with one of the lead strips, and the other battery" 
wire to the other strip. The lead strip attached to the 
wire leading from the positive pole of the battery will 
soon be seen to have a deposit of an oxide of lead formed 
on it. After the action has continued for a short time, 
if the battery wires are disconnected and the wires at- 
tached to the leaden plates are connected together with 
a galvanometer in circuit, a current may be observed 
passing in the opposite direction to the original current. 

An ordinary gravity cell has an electro-motive force of 
about one volt. It takes about three volts to form a sec- 
ondary cell ; and when formed and completely charged 
it has an electro-motive force of about two volts. 

399. HotD is the semndary cell, as improved by Faure, constructed f 

The improvement of M. Faure consists chiefly in the 
adaptation and adoption 
of devices which aid 
materially in shortening 
the tedious process of 
formation. This is ac- 
complished by giving 
each of the leaden plates 
a thick coating of red lead prior to its immersion in the 
dilute acid. A box is provided with guides in the ends, 
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and in these guides flat sheets of lead, heavily painted 
with a paste made of red lead and dilute acid, are 
placed ; a piece of felt is pressed against each side, in 
order to retain the red lead in position. As indicated 
, in the annexed diagram, the sheets of lead are arranged 
like the plates of a condenser ; those attached to one 
end of the box being interleaved with those of the other 
end, but kept from touching them. All the sheets on 
one side are connected with a binding-screw, to which 
one of the leading-in wires is attached ; and the sheets 
iixed to the other side are corresjKmdingly connected 
together, and also with a second binding-screw for the 
other leading-in 
wire. The cell 
then presents 
the appearance 
shown in Figure 
153. The box is 
filled up with di- 
lute a<^id, and a 
charging current 
is sent through 
it for over a 
week, when the 
red lead is reduced gradually on one side to metallic 
lead, and on the other is developed into the peroxide of 
lead. 

300. What is meant by the popular expreaston, ^^ storage of elee- 
trkity " f 
The popiilar term is a misnomer, and rightly stated 
' should be the "electrical stomge of energy." 

The real state of the case is that by means of electricity 

chemical work is done, and energy is thereby stored up ; 

BO that if we permit the chemical work to react electrical 

currents in a reverse direction are generated. 

In other words, the phrase " storage or accumulation 

I of electricity " means simply the combination, by means 

I of electricity, of certain elements and compounds in a 
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certain way, by wliicli a tendency to react, and so pro- 
duce electrical currents, is given t« the said combination. 

301. ffaoe secondary batteries become commercially suecegsfulf 

No ; these batteries have, up to the present time, not 
been so successful or so useful as might have been ex- 
pected from the statements 'made in regard to them 
when the Faure ceU was first introduced ; and it is very 
clear that a commercially successful and practical sys- 
tem of storage of electrical energy has yet to be de- 
veloped. It is certain that a force which has once been 
evolved and utilized to do work must be more costly 
when reproduced than when first developed, by the cost 
of the work done ; that is, even supposing there is no 
loss in the transformation, first, of electrical energy into 
chemical energy, and, secondly, of the chemical back 
again into electrical energy. 

In point of fact, however, a considerable loss occurs in 
storage. 

Several important considerations militate against the 
use of the secondary cell, made even in the best method 
now known. 

These are as follows : The first cost, which is very 
great ; the expense and time required in charging ; their 
great weight and bulk — eiich cell weighing at least fifty 
pounds — and the necessity of a great number of cells 
to work even a single incandescent lamp. To these must 
be added the comparatively high internal resistance of 
the Faure cell, as generally constructed, some of them 
showing a resistance as high as half an ohm. It must be 
stated, however, that it has valuable qualities — namely, 
portability, lessened risk from high-tension currents, 
steadiness in production within certain limits, and also 
the fact that, although it takes a great number of ceils 
to work one lamp, the same number can, properly ar- 
ranged, operate several lamps. 

There can be no doubt that if these batteries are 
eventually proved to be practical they will give a great 
impetus to electric lighting. 
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303. Has electricity been applied to other purposes than those 
already described f 

Yes, the applications of electricity are too numerous to 
be mentioned here ; many of the proposed applications 
of the force, however, are impmctical and visionary. 

It has been used as a means of measuring the velocity 
of rapidly moving bodies, such as cannon-balls, for per- 
forming upon musical instruments, for gas-lighting, and 
even for killing whales. 

The only ajtplication which it is necessary to speak of 
here is that of gas-lighting. This has been done in sev- 
eral ways. By using a thermo-electric battery, and 
flashing a spark produced by the current between two 
platinum contact-points placed directly over the "bumer. 
In this case the current first attracts an armature and 
opens a conical gas-stopper ; this plan is, therefore, well 
adapted for street-lighting. A second way is to arrange 
the secondary circuit of an indHction-coil with points 
over each burner, making the circuit in a number of sec- 
tions, so that one section can be lighted after another. 
Tills plan utilizes the secondary current. A third plan, 
much used in private houses and work-shops, is adapted 
for individual burners. Six or seven cells of a suitable 
battery are placed in circuit with a large, continuous 
coil of covered wire with a soft-iron core, and a circuit- 
closer also in the circuit is fixed upon each, burner, so 
that the act of turning on the gas brings the two points 
of the circuit-closer into momentary contact with one 
another just over the escaping gas. The spark occurs 
at the moment when the points again separate, and is 
partly due to the extra current resulting from the self- 
induction of the convolutions of the coil, and partly to 
the magneto-currents generated by the demagnetization 
of the core. 




CHAPTER XXrV. 

ODDS AND ENDS. 

The tenacity of a copper wire is diminished after an 
electric current has for some time passed through it. 
In an iron wire the tenacity, in the same circumstances, 
increases, 

A piece of wood cut from a tree is a good conductor ; 
let it be heated and dried, it becomes an insulator ; let 
it be baked to charcoal, it becomes a good conductor 
again; burn it to ashes, and it becomes once more an 
insulator. 

Professor G. S, Ohm was born March 16, 1787 ; died 
July 7, 1854. 

Wheatstoue's bridge was devised by S. Hunter Chris- 
tie in 1833, and is described in the "Philosophical 
Transactions," February 28, 1833. 

According to Faraday, so small a quantity of electri- 
city is stored in a Leyden jar that the decomposition of 
a single grain of water required 8lX),000 discharges of 
Ms large Leyden battery. 

Sir Charles AVheatstone was born in 1802; died Oc- 
tober 19, 1875, aged seventy-three, 

Tlie incandescent electric light was first patented in 
England by an American named Starr, in the name of 
Edward Augustin King. The number of the patent is 
10,919, and the date November 4, 1845. 

A. Grraham Bell's first telephone patent was issued 
March 7, 1876, and is numbered 174,465, 

The second patent for the Bell telephone bears date 
January 30, 1877, and number 186,787, 

The resistance of the primary circuit of the induction- 
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coil of a Blake transmitter is from two-tenths to three- 
tenths of an ohm. 

The resistance of the secondary circuit averages about 
one hundred and fifty ohms. 

The resistance of a Bell telephone-coil is about aev- 
enty-flve ohms. 

Speaking of duplex and other multiple telegraphs, 
Sabine's "History and Progress of the Electric Tele- 
graph," i-epublished in 1869, says: "Telegraphing In 
opposite directions, and telegraphing in the same di- 
rection, more than one message at a time, must be 
looked upon as little more than 'feats of intellectual 
gymnastics,' very beautiful in their way, but quite use- 
less in a practical point of view," 

The discovery of the Leyden Jar was first announced 
in a letter addressed on the 4th of November, 1745, by 
Kleist, a Pomeranian ecclesiastic living in the town of 
Cammin, to Dr. Lieberkuhn, of Berlin, 

It was rediscovered the following year by Cuneus, a 
pupil of Professor Muschenbroek. 

Michael Faraday was born September 22, 1791, and 
died August 25, 1867. 

The first practical electro-magnet was made in 1825 
by William Sturgeon. 

Du Verney, in 1700, was aware that the limbs of a frog 
were convulsed by the action of electricity. 
Twenty-two years before that date "Swammerdam 
[ showed the Grand Duke of Tuscany that when a portion 
[ of muscle of a frog's leg, lianging by a thread of nerve, 
I bound with silver wire, was held over a copper support 
ISO that both nerve and wire touched the copper, the 
jmtiacle immediately contracted." Not until 1786 did 
rGalvani make the same discovery, upon which was 
the so-called science of galvanism, which was 
Flater ascertained to be one of the most useful develop- 
I ments of electricity. 

It has been demonstrated by experiment in England 
I that one mile of buried or submerged cable develops ef 
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much electro-atatic capacity as twenty-three miles of 
ordinary overhead wire. 

Volta invented and described the electropliorus in 
1776. 

The first magneto-electric machine was constructed in 
1833 by Pixii. 

The Siemens armature was invented in 1857 by E. 
Werner Siemens, and is now universally employed in 
the well-known magneto-telephone bell. 

Sulzer, of Berlin, in 1762, is believed to have been the 
first who noticed the peculiar taste occasioned by a 
piece of silver and a piece of lead when placed in con- 
tact with each otliei' and with the tongue. 

This is the earliest suggestion of the voltaic battery. 

In 1800 Volta announced his invention of the battery. 

It is stated in the 1853 edition of the "Encyclopaedia 
Britannica " that in May, 1793, a voltaic pile was con- 
structed and used by a Mr. John Kobison, the publi- 
cation of the account being made by Dr. Fowler, of 
Edinburgh. 

Tlie current generated in a magneto-telephone is esti- 
mated by De la Rue not to exceed that which would 
be produced by one Daniell cell in a citcuit of copper 
wire four millimetres in diameter, and of a length 
sufficient to go two hundred and ninety times round 
the earth. 

Oersted discovered in 1819 that a freely and horizon- 
tally siispended magnetic needle would deflect under the 
influence of an electric current. 

The electric light was first produced by Sir Humphry 
Davy in 1802. 

Faraday discovered that electricity could be produced 
from magnets in 1831, 

The dynamo-electric machine is first described in a 
patent issued in England, October 14, 1854, to Soren 
Hjorth, and was reinvented in 1866 by four persons — 
Alfred Varley, who also patented his machine, Wer- 
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ner Siemens, Sir Charles Wheatstone, and Moses G. 
Farmer. 

Galvanized iron wire, to have the same conductivity as 
the same length of copper wii'e, Blionld weigh about six 
times as much per unit of length. 

The resistance per mile of iron wii-e at sixty degrees 
Fahrenheit is ascertained in ohms by dividing 395,000 
by the square of the diameter of the wire in mils. 

A mil is one-thousandth of an inch. 

The resistance of iron wire increases about thirty-five 
hundredths per cent, for each additional degree. 

The resistance i^er mile of pure copper wire at sixty 
degrees Fahrenheit may be found by dividing 54,892 by 
the square of the diameter in mils. 

The resistance of copper wire increases about twenty- 
one hundretlis per cent, for each additional degree 
Fahrenheit. 

Ampere, the founder of the science of electro-dy- 
namics, was born in January, 1775 ; died in June, 1836, 

The identity of lightning and electricity was discovered 
and demonstrated by Benjamin Franklin in 1747. 

The first lightning-rod was erected by Franklin upon 
his own liouse in 1752. 

Franklin, the father of American electricians, was 
bom in Boston January 17, 1706, and died in Phila- 
delphia April 17, 1790. 

The first experimental gutta-percha insulated cable 
was made and submerged in September, 1847, at Bound 
Creek, between Uewark and Elizabeth, New Jersey, by 
John J. Craven. A similar cable was laid by the Mag- 
netic Telegi-aph Company across the Passaic River in 
February, 1848, and across the Hudson River June 15, 
1848, the latter being one mile in length, all of which 
1 successful. 

The first long submarine telegraph-cable was laid 
across the English Channel in Angust, 1850. 

When called upon to give his opinion concerning the 
nature of electricity, Faraday gave utterance to the fol- 
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lowing remarkable statement : " There was a time when 
I thought I knew something about the matter; but the 
longer I live, and tlie more carefully I study the subject, 
the more convinced I am of my total ignorance of the 
nature of electiicity." 

Philip Reis, the inventor of the now well-known Reis 
telephone, died January 14, 1874. 

In Wheatstone's bridge systems, when the galvanome- 
ter resistance is greater than the battery resistance, the 
galvanometer should be made to connect the junction of 
the two greater resistances with that of the lesser. 

The dip of the magnetic needle was discovered in 
1576 by a compass-maker named Norman. 

M. Steiniieil, though not the tirst to use the earth as 
a portion of an electrical circuit, was the tirst to com- 
plete the cireuit of a voltaic battery througli the earth, 
and to use the earth circuit in telegraphy, 

Steiniieil died September 14, 1870 

S. F. B. Morse, the Inventor of the electro-magnetic 
telegraph, was born April 27, 1791 ; died April 9, 1872. 

Pi-ofessor Leonard D. Gfale, in a deposition in con- 
nection with a telegraphic lawsuit in 1851, said: " I 
saw Mr. Morse translate a message, while in an ad- 
joining room to the magnet, by the sound only. This 
was in the city of New York in 1S37." 

The first printing telegraph was invented by Alfred 
VaU in 1837. 

The conducting power of carbon is mucli lower than 
that of the metals, and instead of decreasing, as in the 
metals, with a lise in temperature, it increases. 
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INTERNATIONAL MORSE CHARACTERS. 

ALPHABET. 

A D E - 

F G E 

H I— J 

K I M 

N P 

N 6 Q . 

>R S_^_ T_ 

lU V._. W 

lU X Y 

Z 



1 .^l 


KUMEUALS. 
2 


3 


4 


5 


9 



PXmCTUATION MARKS. 

Period (.) ««« « Comma (,) _«. 

Interrogation (?) Exclamation (»). 
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TACLE I— {Continued), 



COPPER WIRE. 



c< .. . 


« 




Number of 


1 pounds 
le (1760 


B of X 

f pure 
at 32* 


mate 
Silk re- 
cover a 
■ Wire 


^3S 


Diameter 


• 


yards in z 


.s-a . 


u h 


K«S 00 


Birmi 

Wire Ga 

proxii 






potiitd. . ' 


Weight 
of I 1 
yards) 




Appro 
weight < 
quired t 
pound 
singly. 


1 

1 

1 


Inches. ^ 


NfiUi- 
aetres. 








Oi. . 


• »./•■. 


-028 


•711 


141.72 


12.42 


67.65 


1 ^ 


23>^ 


.026 


.660 


164.36 


10.71 


78.46 


24^ 


.024 


.609 


192.9 


9.12 


92.08 


1 


25 


.022 


•558 


229.56 


7.61 


109.58 




26 


.02 


.508 


277.78 


6.33 


132.59 


I 


27 


.018 


457 


342.94 


5-13 


163.69 


28 


.016 


.406 


43403 


4.05 


207.17 




30 


.014 . . 


•355 


569-51 


3-09 


270.58 


< 


31 ' 


.012 


•305 


771.60 


2.28 


368.30 


X 


32 


.01 


•254 


IIII.II 


1.58 


530.35 




34 


.0095 


.241 


I23I.IO 


1.43 


587.64 


► lYi 


. . 


.009 


.228 


I37I.7 


1.28 


654.75 




35 


.0085 


.216 


1537.8 


1. 14 


734-05 


J 


36 


.008 


203 


I736.I 


I.OI 


828.67 




. •- 


.0075 


.190 


1975-3 


0.8910 


942.84 


\ " 


. .. 


.007 


•177 


2267.6 


07761 


1082.4 


) 


37 


.0065 


.165 


2629.9 


0.6692 


1225.3 


^ 


38 


.006 


•'52 


3086.4 


0.5702 


1473-1 


>. 23/ 


. . 


•0055 


•'39 


3673-1 


0.4791 


1753-2 


^74 


• * 


.005 


.127 


4444-4 


0.3960 


2121.4 


J 


39 


.0045 


.114 


5487.0 


0.3207 


2619.0 




40 


.004 


.106 


6944-4 


0.2534 


3314-7 




. . 


•0035 


.088 


9070.3 


0.1945 


4329-4 




41 


.003 


.076 


12346.0 


0.1425 


5892.7 




• • 


.0025 


.063 


17777.0 


0.099 


8485.6 





To find the percentage of conductivity in a sample of wire^ pure copper 
being taken as—ioo'. 

Divide the resistance of i mile of pure copper wire of the same size 
(column 6) by the actual resistance of i mile of the wire tested (re- 
duced to 32° Fahr), and multiply by 100. 
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TABLE II. 

DIAMETER, WEIGHT, RESISTANCE, AND BREAKING STRAIN OF 

IRON WIRE — E. B. B. 

(PrescoU.) 



1 




ReMMBMOe «t lV> FAlttCBlMit. 






Oo- 
•2 


|§.s 






WUgkt is jxmnds 
yerndle. 


Breaking strain 






• 


•*5^ 


Fttt 


Oluna 






I 


A 


per ohm. 


per mile. 






300 


1350 


391 


12497 


4000* 


2 


284 


I21I 


4-3^ 


It 20.0 


3400 


3 


259 


iod8 


524 


931.5 


2900* 


4 


238 


958 


5SI 


886.6 


2500 


5 


220 


727 


7.26 


673.0 


2200 


6 


203 


618 


8.54 


572.0 


l8oo 


7 


180 


578 


10.86 


449-9 


1520 


8 


165 


409 


12,92 


378-1 


1200 


9 


• 148 


328 


16.10 


304.2 


950 


TO 


134 


269 


19.60 


249.4 


820 


II 


120 


216 


24.42 


2000 


650 


12 


109 


179 


29.60 


165.0 


510 


13 


95 


135 


39.00 


125.3 


400 


14 


«3 


104 


51.00 


95 7 


350 


15 


72 


78 


67.83 


72.0 


300 


16 


65 


^Z 


83.20 


58.7 


200 


17 


58 


55 


96 00 


50.9 


150 


18 


49 


35-9 


147.00 


33 3 


"5 


19 


42 


26.0 


19934 


24-5 


85 


20 


35 


18.4 


287.30 


17 


65 
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TABLE III. 



SHOWING THE DIFFERENCE BETWEEN WIRE GAUGES. 



No. 


London. 


Stubs. 


Brown & 
Sbaipe's. 


No. 


London. 


Stubs. 


Brown & 
Sharpe*8. 


OOOO 


.454 


.454 


.460 


19 


.040 


.042 


.03589 


OOO 


.425 


.425 ' 


.40964 


20 


.tJ35 


.035^ 


.03f9® 


OO 


.380 


.380 


736480 


21 


.0315 


.032 


. 02846 





•340 


.340 


.32495 


22 


.0295 


.028 


:0*5347 


I 


.300 


.300 


.18930 


23 


.027 


«.025 


.022571 


2 


.284 


.8S4 


.25763 


24 


.025 


.022 


.OiOI 


3 


259 


.«59 


.22942 


25 


.023 


.020 


.0179 


4 


.238 


.238 


.20431 


26 


.0205 


.018 


.01594 


5 


.220 


.220 


. IS194 


27 


.01875 


.016 


.014195 


6 


.203 


.ao3 


.I62OS 


28 


.0165 


.014 


.012641 


7 


.180 


.180 


.14428 


29 


.0155 


.013 


.011257 


8 


.165 


.165 


. 12849 


30 


.01375 


.012 


.010025 


9 


.148 


.148 


•II443 


31 


.01225 


.010 


.008928 


lO 


.134 


.134 


. 10189 


32 


.01125 


*o09 


00795 


ri 


.120 


.IHO 


.09074 


33 


.01025 


.ooS 


.D0708 


13 


,iog 


.109 


.0808 1 


34 


.0095 


.007 


•0063 


13 


.095 


.095 


.07196 


35 


.009 


.005 


.00561 


14 


.083 


.06408 


36 


.0075 


.004 


.005 


15 


.072 


.072 


.05706 


37 


.0065 


.... 


.00445 


r6 


.065 


*o65 


.05082 


33 


.oc^75 


• • . » 


.003965 


17 


.058 


.058 


.04525 


39 


•005 


» • • • 


.00353* 


i8 


.049 


.049 


.04030 


40 


.0045 


• . . . 


. .003144 



TABLE IV. 

APPROXIMATE WEIGHT OF INSULATED WIRES — AMERICAN 

GAUGE. 

Brauied Wire, 



No. 



4 8 ft. to lb. 

6 



8, 
12 

14. 
16 

^7 
18. 

19 
20 



12 

20 

35 

45 

55 

95 
120 

135 
145 
155 



"41 




u 
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APPROXIMATE WEIGHT OF INSULATED WIRES — AMERICAN 

GAUGE. 

Double- Wound Wire, 



No. J... •• 


8 ft. to lb. 


" 6 


12 " ** 


" 8 

** i8 


. . . , 20 ** ** 

i6o " ** 


** lO • 


200 " ** 


■^y •• 

" 20. 


- 22C " ** 


Asy. •••••••••••••• ^ 



Owing to the difference in gauges, and to the fact that nearly every 
manufacturer has his own gauge, it is almost impossible to compile a 
standard table of the properties of iron wire with anything more than ap- 
proximate exactness. Hence the figures in Table 2, which is taken from 
Mr. Prescott's book, is more a table of what the wire should be than what 
it is. The short table we give below will be found to be nearer the mark 
for the gauges to which it refers. 



TABLE V. 



STANDARD WEIGHT AND RESISTANCE OF GALVANIZED WIRE. 





No. 


Resistance. 

• 


Weight. 


Per mile. 


6 


lo ohms. 


538 lbs. 


" 


7 


12. 1 " 


461 " 




8 


14.1 " 


389 " 


<< 


9 


16.4 " 


323 " 


. 


lO 


20. " 


264 ** 


<< 


II 


25- ** 


2X1 ** 




12 


32.7 ** 


163 ** 




14 


52.8 " 


97 " 




i6 


91.6 ** 


57 " 
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TABLE VI. ^ 

RESISTANCE AND WEIGHT TABLE FOR COTTON AND SILK COVERED 
AND BARE COPPER WIRE — AMERICAN GAUGE. 



The resistances are calculated for pure copper wire. 
The number of feet to the pound is only approximate for insu- 
^ulated wire. 















( » . » . 




No. 


Feet per p jund. 




Resistanc 


i, Naked Copper. 


Cotton 


Silk 


Mnl>^^ 


Ohms per 


1 

Ohms 


Feet 


Ohms 


8 


Covered. 


Covered. 


iMaicea. 


1000 feet. 


per mile. 


per ohm. 


per pound. 


.... 


. . • • 


20 


.6259 


3-3 


1600. 


1 
.0125 


9 


• . . • 


.... 


25 


.7892 


4.1 


1272. 


.0197 


lO 


• « . . 


.... 


32 


.8441 


4.4 


II85. 


.0270 


II 


.... 


• • . . 


40 


1-254 


6.4 


798. • 


.0501 


12 


42 


46 


50 


1.580 


^'3 


633- 


.079 


^3 


55 


60 


64 


1-995 


10.4 


504. 


.127 


14 


68 


75 


80 


2.504 


13.2 


400. 


.200 


15 


87 


95 


lOI 


3172 


16.7 


316. 


•.320 


i6 


IXC 


120 


128 


4.001 


23- 


230. 


.512 


17 


140 


150 


161 


5-04 


26. 


198.- 


.8x1 


i8. 


175 


190 


20:? 


6.^6 


33- 


- I57-- 


.. Lu29. 


19 


220 


240 


256 


8.25 


43. 


121. 


2. IX 


20 


280 


305 


324 


10.12 


53- 


9Q. 


3.27 


21 


360 


390 


408 


12.76 


6S. 


76.5 


5.20 


22 


450 


490 


514 


16.25 


85- 


61.8 


8.35 


23 


560 


615 


649 


20.30 


108. 


48.9 


13.3 


24 


715 


775 


818 


25.60 


135- 


39-0 


20.9 


25 


910 


990 


1030 


32-2 


170." 


31.0 


33.2 


26 


1165 


1265 


, .1390 


40.7 


214. 


24.6 


52.9 


. 27 


1445 


1570 


1640 


51-3 


270. 


19-5 


84.2 


28 


1810 


1970 


2070 


64.8 


343- 


15-4 


134. 


29 


2280 


2480 


2617 


81.6 


432. 


12.2 


213. 


■ 30 


2805 


3050 


. 3287 


103. 


538. 


9.8 


338. 


31 


3605 


3920 


4144 


130. 


685. 


7.7 


539- 


32 


4535 


4930 


5227 


164. 


865. 


6.1 


856. 


33 


• • • • 


6200 


659Q. 


206. 


1033- 


4.9 


1357. 


'34 


• • • • 


7830 


^330 


260. 


1389. 


3.8 


2166. 


'35 


• • • • 


9830 


10460 


328.. .. 


1820. 


29 


3521. 


36 


.... 


12420 


132IO 


414- 


2200. 


2.4 


54^9- 
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TABLE VII, 

SHOWING THE RELATIVE CONDUCTIVITY AND RESISTANCE OF 

METALS. 



Pure Metals. 



Aluminum. . . . 
Antimony .... 

Arsenic 

Bismuth 

Cadmium 

Cobalt 

Copper (hard). 
" (soft).. 

Gold 

Iron 

Lead , 

Mercury 

Nickel 

Platinum 

Silver (hard).. 
" (soft).,, 

Thallium , 

Tin 

Zinc (pressed) 
Graphite. •••• . 



Conductivity— Silver 
at 32** bemg zoo. 



33.76 
4.62 
4.76 

23.72 
17.22 

99-95 

97-95 
77.96 
16.81 

8.32 

1.63 

13.11 

18.03 
00. 

08.57 
9.16 

12.36 

29.02 

0.69 



Resistance— Silver 
at ga" taken as x. 



2.96 
21.65 
21.01 

80.00 
4.21 

58.07 
1.00 

• • • • 

1.28 

5.95 
12.02 

61.35 
7.63 

5.55 
I. 

0.92 

10.92 

8.09 

3.44 
145.00 



TABLE VIII. 

SHOWING THE RELATIVE RESISTANCES OF LIQUIDS. 

{BecquereL) 



Copper taken as standard 

Solution sulphate of copper, saturated 

** diluted to half 

" " of zinc, saturated 

" " •* diluted to half.. 

Chloride of sodium ) 3,^^,^^,^ 

(common salt) J 

Chloride of sodium, diluted to half 

Sulphuric acid, diluted i to 11 

Nitric acid 

Distilled water 



16,855,520 
26,327,637 
15,861,267 
12,835,836 

2^903-538 

5»965»42i 

1,032,020 

976,000 

6,754,208,000 



TABLE IX. 

THK STANDARD WIRE GAUQE. 

Adopted by (be Nutional IVtebone EichuiKe AHOciUion. September 8, itS;. ( 
EngUih Boud of Tnda.nMdiid Wi» U>u|[e, UciUieJ Mucb i, 1884^ 



a i 3:: 



3-0978 

a. 3708 









1633 ; 747,68 






rss 



19 the tempcncure riies, at 



364 



TABLES. 



TABLE OF RELATIVE CONDUCTIVITIES. 



Silver, 

Copper, 

Gold, 

Zinc, 

PLitinum, 

Iron, 

Tin, 

Lead, 

Mercury, 

Carbon, 

Acids, 



. Saline Solutions, 
Rarefied Air, 
Meltipg" Ice, 
Distilled Water, 
Stone, 
Dry Ice, 
Dry Wood, 
Porcelain, 
Dry Paper, 
Wool, — 

Silk, 



Glass, 

Sealing Wax, 

Sulphur, 

Resin, 

Gutta-Percha, 

India-Rubber, 

Shellac, 

Paraffine, 

Ebonite, 

Dry Air. 



There is no known absolute conductor. In the foregoing table each 
substance conducts better than the one which follows it. 



ELECTRO-MOTIVE FORCE OF BATTERIES IN 

VOLTS. 

Volts. 

Daniell ^-^79 

Grove 1-956 

Smee, when not in action 1. 102 

" when in action 510 

Bunsen 1.926 

Bichromate or Chromic Acid 1-967 

Marie Davy i-533 

Leclanch^ 1.662 

Plants secondary ; 2. 100 

Faure ** 2.100 



RELATIVE INDUCTIVE CAPACITIES OF THE PRIN- 
CIPAL INSULATING SUBSTANCES. 

St mdard being air, taken as 100 

Resin is 177 

Pitch " 180 

Beeswax ** 186 

Grass ** 190 

Suli)hur " 193 

Shfllac ** 195 

Paraffine " ;i98 

India-rubber ** 280 

Gutta-percha " 420 

Mica " 500 

The above are from Jenkin's ** Electricity and Magnetism." 
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{From Culley^s Hand-book!) 



METRIC WEIGHTS AND MEASURES. 



Millimetres. 


Inches. 


Millimetres. 


Inches. 


Millimetres. 


Inches. 


I 


0.039 


.45 


1 

1. 771 


« « • • 

125 


4.941 


2 


0.078 


50 


1.968 


130 


5.II8 


3 


O.I18 


55 


2.165 . 


135 


5-315 


4 


. 0.157 


60 


2.362 


140 


5.512 


5 


0.197 


65 


2.559 


145 


5.708 


6 


0.236 


70 


2.756 


150 


5.906 


7 


0.275 


75 


2.953 


155 


6.103 


.8 


0-315 


80 


3.149 


160 


. 6.299 


9 


0.354 


85 


3.346 


165 


6.496 


lO 


0.394 


90 


3-543 


170 


6.693 


15 


0.590 


95 


3- 740 


175 


6.890 


20 


0.787 . 


100 


3-937 


180 


7.087 


25 


0.984 


105 


4.134 


185 


7.284 


30 


I.181 


no 


4.331 


190 


7.480 


35 


i.378 


115 


4.528 


195 ^ 


7.677 


40 


1.575 


120 


4.744 


200 


7.874 



I inch = 25.4 millimetres. 





Inches. 


Feet. 


Yanls. 


I Millimetre .... 
I Centimetre. . . . 
I Decimetre .... 

I Metre 

I Kilometre 


0.039 

0.393 

3.937 

39.370 

39*370.790 


• • . . 

«... 
.... 
3.280 
3,280.899 


. • • • 

.... 

.... 

1.093 

1.093.633 



Miles 

Kilometres 


I 

I 609 


2 

3219 


3 

482S 


4 

6437 


5 
8047 


6 

9656 


7 
11.265 


8 
12.874 


1 

9 ■ 
14.4S4 
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Grains Troy. 


Pound* Avoirdupois. 


I Milligramme 

I Centigramme. 

I Decigramme 

I Gramme 


0.015 

0-15^ 

1-543 

15-432 

i5»432.34^ 

• • • • 

• • • I 
• ' • < 

• • • • 

• • • < 

• • • 1 

• • • 1 

• • • 


1 • • • • 
^ • » • » 

• • • • 
I 2.2046 

4.4092 

6.6138 

8.8184 

11.0230 

13.2276 

15-4322 
17.6368 
19.8414 


1 Kilogramme 

2 Kilogrammes 

3 : 

4 " 

5 " 

6 " 

7 " 

-8 " 

9 " 



7,000 grains Troy = i pound Avoirdupois. 
I Litre = 35.275 fluid ounces = 1.764 pints = 61.024 cubic 

inches. 
I cubic centimetre =^ .0610 cubic inches* 



INDEX. 



Aerial cables, 181 ; description of, 

182. 
Alarms, electric, operated by clock- 
work, 828. 
Alphabet, Morse telegraphic, 364, 

355. 
Amalgamation of zincs, 25. 
Amber, 9. 
Ampere, 95. 
Applications (miscellaneous) of — 

Blasting, 329, 832. 

Clock-alarms, 328. 

Electric bells, 280, 298. 

Electric clocks, 823, 327. 

Electricity, 260. 

Electric lighting, 266, 280. 

Electric-metallurgy, 281, 285. 

Electro-motion and transmission 
of power, 332, 340. 

Electro-therapeutics, 318, 322. 

Gas-lighting, 348. 

Storage of electric energy, 340, 349. 

Telephony, 299, 317. 

Time-balls and guns, 328. 
Armature, 48. 

Siemens, 67, 353. 
Arrangement of batteries for maxi- 
mum effect with given number, 
148, 150. 
Artificial magnet, 44. 
Astatic galvanometer, 100. 
Attraction of magnets, 44. 
Automatic circuit-breaker, 83. 

Bar magnet, 48. 
Batteries, electric, 18. 

Best arrangement for given num- 
ber of cells, 148, 150. 

Bunsen, 26. 



Batteries — 

Caliaud, 26. 

Care of batteries, 82, 34. 

Chromic acid, 26. 

Daniell, 26. 

Depolarizing mixture batteries, 26. 

Earth, 42. 

Gravity, 26. 

Grove, 26, 28. 

Internal resistance of, 118, 121 

Invention of, 353. 

Leclanche, 26, 30. 

Local action in, 2S. 

Other methods of arranging, 145. 

Poles of, 31. 

Proportionmeut to short lines, 148. 

Rule for obtaining greatest mag- 
netic effect from, 146. 

Secondary, 338. 

Single-fluid, 26. 

Smee, 26. 

Thermo-electric, 37. 

Two-fluid, 26. 

Usual arrangement of, for tele- 
graph lines, 136, 144. 

Voltaic, 24. 

Watson, 26. 
Bells, electric ^^see electric heUs, 286). 
Blasting by electricity, 329. 

Frictional, 330. 

Relative advantages, 332. 

Voltaic, 331. 
Brush dynamo, 74, 76. 

Cables, aerial, 181. 

Description of principal forms, 
181, 182. 

Submarine, 189, 191, 353. 
Candle, electric, 277. 279. 
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Carlioii bfttlcry, 29. 


Disconnection in district Bystems, 


Circuita, voltaic, 142, 152, 


235. 


Anviiigement of, to connect regis- 


Intermittent, 336. 


ter or flounder, S17. 


Partial, 288. 


Cmidilinnsot ciureiit strength in. 


To test for, 233. 


144. 


District telegraplie, 137. 


Constitution of, 142. 


Duplex lelegraphy. 243. 


Earth as port ot, 142, 144. 


Bridge, 247, 


Fnulta, 281, 283. 


DiffereiiUfll, 245. 


Testing, 383. 241. 


Qintrs, 248. 


Circuit-Ureftkur. 83. 


Historical sketch of, a48. 


Automatic, SB. 


Sahine's opinion of, 350. 


CireiiitHihangers, 300. 


Steams-s, 244, 249. 


Cirouit-closers, preas-bnlton, 291. 


Duplicate transmission in same di- 


PuU, SOS. 


rection, 249. 


Clooks,el«:lris, S23. 


DnVemay's anticipalion of G&lrar- 


Bain's clocks, 323, 32(1. 


ni's discovery, SCO- 


Description ot, 824. 




Qovemeil clocks, Jones system, 326. 


Dynamo-electric machines, 70, 79. 


Shepherd eyelein, 3ST. 


Arrangement to act as motors. 


Cloaed-ciroiiit system of telegraphy, 


as8. 


IBS, 185. 


Brush, 74, 76. 


Coeri'ivi! furca ot magnets, 48. 


Gramme, 72, 74. 




Invention of, 353. 


Condensers, 85, 80. 


Reversibility of, 335. 


CoiUomb, as. 


Rins-iii^atnrn machines, 72, IB. 




Term defined, 70. 


^L Crosses, Jn telegraph or telephone 


L'ses of, 79. 


^H tines, 232. 




^H Swinging, 233. 


Earth battery, 42. 


^B To t&^t for, 239. 


Earth circuit, 142, 144. 


^m Weather, 283, 240. 


Eariy esnmples of, 143. 


^B Current strength, 92. S8. 


Pint utilization in telegraphy, IC 


^^K Conditions of, in o drcuit, 144. 


Eartli eorrents, 41, 


^H HoiT varie.1, as. 


Meth«l of obviating dTecta of, «. 


^K Cul-oots 203. 


Earth fanlts, 231. 


^^^^ 


Intermittent, to test for, 239. 


^^^^. 


Swinging, 232. 




To test for, 237. 


^^^^^^^H atuuttf 


Earth wire^ in ofBces, 193. 22& 


^^^^^^H 


Defective. 233, 240, 


^^^^^^^^■^^^ 




^^^^^^^^^^^H 


For testing pnrpoeesi, IBSl 


^^^^^^^H^ 


Proper eonstTuction Of, 191 


^^^^^^^^B 


UsKof. 193. 


^^^^^^^^^^^^^^^sjk. 111 


Electrical machines, 12, 


^E> 


Cylinder machine, It. 
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Electrical Machines — 

Holtz machine, 16. 

Plate machine, 13. 
Electrical measurement, 98, 129. 
Electrical resistance, 91. 

Of wires, 91, 92. 
Electrical units, 93, 97. 
Electric batteiy, 18, 
Electric bells, 286. 

Arrangements for various bell cir- 
cuits, 292, 296. 

Construction of simple bell circuit, 
290. 

For telephone lines, 297. 

Individual, 297. 

Magneto, 297. 

Polarized, 288. 

Press-buttons for, 291. 

Pull circuit-closer, 292. 

Single-stroke. 287. 

Vibrating, 287. 
Electric clocks (see clocks, electric, 

323). 
Electric gas-lighting, 350. 
Electricity a form of energy, 9. 

Atmospheric, 20. 

Battery, 18. 

Conductors of, 11. 

Distribution of, 18. 

Dynamical, 17. 

Electrical machines, 12, 16. 

Electrics and non-electrics, 12. 

Electrometer, 12. 

Electrophorus, 14. 

Electroscope, 12. 

Frictional, 10, 20. 

Magneto, 20, 59. 

Methods of developing, 20. 

Miscellaneous applications of, 206. 

Non-conductors of, 11. 

Oersted's discovery, 353. 

Plus and minus, 11. 

Positive and negative, 10. 

Relationship to magnetism. 50, 51, 

Statical, 17. 
Thermo, 20. 



Electricity — 

Vitreous and resinous, 10. 

Voltaic or galvanic, 22. 
Electric lighting, 266. 

Arc, 266. 

Arc lamps, 268. 

Brush lamp, 269. 

Divisions of, 266, 

Edison's lamp, 275, 

Electric candle, 277. 

First produced, 353. 

Illuminating power of, 277. 

Incandescent, 273. 

Jablochkofl candle, 277. 

Lane-Fox lamp, 276. 

Maxim, Bernstein, and Weston 
lamps, 277. 

Semi-incandescent lamps, 279. 

Starr's lamp, 274. 

Sun lamp, 280. 

Swan's lamp, 276. 

Wilde's candle, 278. 
Electric potential, 89, 90. 
Electric quantity, 92. 

Tenn applied to current electri- 
city, 92. 

Applied to static electricity, 92 
Electrics and non-electrics, 12. 
Electrodes, 32. 

Electro-dynamic induction, 19. 
Electrolysis, 82. 
Electrolytes, 32. 
Electro-magnet, 19, 52. 

Construction of, 52. 

For long circuits, 56. 

For short circuits, 56. 

Length of core, 54. 

Rerfstance of, 54. 

Wlien devised, 53, 352. 
Electro-magnetic induction, 19» 
Electro-magnetism, 52. 

Laws of, 54, 55. 
Electro-metallurgy, 281. 

Electro-plating, 281, 283. 

Electro-typing, 283. 

General explanation of, 281. 

Outline of art, 283. 
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Electrometer, the, 12. 
Electro-motion, and transmission of 
power, 332. 

Dynamo-machine as a motor, 
336. 

Froment's motor, 333. 

Jacobi's motor, 332. 

Page's motor, 333. 

Power electrically transmitted, 
337, 340. 

Kailways, 337, 338. 

Reversibility of dynamo-machine, 
335. 
Electro-motive force, 90. 

Comparison of. 124. 

Measurement of, 125, 126. 

Of batteries, 90, 91. 
Electrophorus, 14, 353. 
Electroscope, 12. 
Electro-static induction, 18. 
JElectro- therapeutics, 318. 

Definitions of, 319. 

Electrical probe, 321. 

JElectro-physiology, definition of, 
i ' 318. 

Electro-surgery, 320. 
Energy, definition of, 9. 
Escape in telegraph or telephone 
lines, 232. 

To test for, 238. 
Extra current, 84, 85. 

IParad, 95. 

Fire-alarm telegraphs, 136. 
Frictional electricity, 10. 
Applications of, 20. 

Galvanometer, the, 98. 
Astatic, 100. 
Constant of, 113. 
Definition of, 98. 
Differential, 105, 107. 
Invented by Schweigger, 99. 
Besistance, measurement of, 121, 

123. 
Sine, 104. 
Tangent. 101, 104. 



Galvanometer — 

Thomson's reflecting, 107, 110. 

To reduce deflection of, 123. 

Uses of, 100. 

Wheatstone's bridge, 110, 113. 
Gas-lighting, electric, 348. 
Gauge, wire, 167, 363. 
Gramme machine, 72, 74. 
Gravity batteries, 26. 

Care of, 33. 

Reactions of, 28. 
Ground wires, 193, 196, 228. 

For lightning-arresters, 195. 

For testing purposes, 195. 

Should be soldered, 195. 

To construct, 194. 

Uses of, 193. 

When to be used, 228. 
Grounds in telegraph or telephone 
lines, 231. 

Intermittent, 239. 

Swinging, 232. 

To test for, 237. 
Grove battery, 26, 28. 

Care of, 33. 

Harmonic telegraph, 254. 

Gray's, 255. 
Holtz's electrical machine, 16. 

Reversibility of, 16. 
Horseshoe magnets, 48. 

Illuminating power of the electric 

light, 277. 
Individual signals, 297. 
Induction, 18. 

Dynamic, or voltaic, 19. 

Electro-magnetic, 19. 

Electro-static, 18 

Magnetic, 20, 45, 46. 

Magneto-electric, 19, 59. 
Induction-coil, 80. 

Circuit breaker, 83. 

Condenser, use of, 85. 

Description of large coils, 87. 

Primary circuit of, 82. 

Secondary coil of, 82. 
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Induction-coil— 

Soft-iron core, 86. 

Use of in telephone tranunitters, 
809. 

Uses of, 88. 

What it is, 80. 

Why so called, 80. 
Insulators for land lines, 159i 

Brooks's, 164. 

Earthenware, 163. 

Glass, 163. 

Requisite qualifications oX, 162. 

Rubber hook, 165. 

Joint resistance, 150. 

Calculation of, 151. 
Joints or splices in line-wiro, 177. 

Bell-hanger's joint, 178. 

Britannia joint, 178. 

Soldering, 178. 

Twist joint, 178. 

Kerite, what it is, 184. 
Keys, telegraph, 211. 

Care of, 226. 

Defects in operation, 235. 

Morse, 211. 

Open-circuit, 213. 

Reversing, 213. 

Ladd's dynamo-electric machine, 70, 

72. 
Lamps, arc, 268, 273. 

Incandescent, 273, 277. 

Semi-incandescent, 279. 

Sun, 280. 
Leakage-conductors for land lines, 

160. 
Leclanche battery, 26, 30. 

Care of, 34. 
Leyden jar, 17. 

When discovered, 17, 350. 
Light, electric, 266, 280. 
Lightning-arrester, 201, 203. 
Lightning-rod, 20. 
Line construction, 153. 

Conductors, material of, 165. 



Line — 

Cross-arms for, 155. 

Dip of, 175. 

Insulators, 159, 162, 165. 

Joints or splices, 177, 179. 

Poles for use in, 153, 155. 

Sizes of, 166, 169. 

To ascertain proper dip, 175. 
Lines, house-top, 155. 

Supports for, 156, 159. 
Lines, supplying a number from one 

battery, 146. 
Line- wire, 165, 175. 

Aerial cables, 181. 

For telephone lines, 168, 170. 

Galvanized, 170. 

Humming in, 179. 

Iron, 165. 

Method of leading intb terminal 
station, 180. 

Method of leading into way-sta- 
tion, 179. 

Sizes chiefly used, 152, 165. 

Steel, 169. 
Liquids, resistances of, 118. 

Magnet, 43. 

Artificial, 44. 

Natural, 43. 
Magnet, properties of, 44, 46. 

Bar, 48. 

Compound, 48. 

Dip, 46. 

Horseshoe, 48. 

Permanent, 47. 

Polarity, 46. 
Magnet ic field, 49. 
Magnetic induction, 20, 45, 46. 
Magnetism, 43. 

Relationship to electricity, 50. 

Residual, 53. 

Rule for obtaining maximum ef- 
fect from given battery, 146. 
Magnetization, process of, 49. 
Magneto-bells, 297. 
Magneto-electric induction, 19, 59. 

Discovery of, 353. 



^^^W^^^^^^^^^^^^IMDEX^^^ ^^^^^^^^^^« 


Magneto electricity, 20, 50, 


Partial disconnection, to test for. 
386. 


Advantages of, 63. 


Applications of, 61, 63. 


Permanent magnet, 47. 




Plates of battery, 31. 


Definitions ol, 80. (i3. 


Polarity of magnets, 46, 47. 


First invented, BO. 


PolariMtinn, voltaic, 23. 


Mutual accumulation maehiues, 


EsplanatioLi of, 28. 


69,70, 


Iiijm'ious effects of, 34. 


WUde'fi, 68, 69. 


Methods of obviating, 24 




Polarized bells, 288. 


By Uiflereiitial galvauometer, 116. 


Pokrined relay, 209.211. 


By substilutioii, 116. 


Poles of battery. 31. 


Internal resistaneu nf liattei'ies. 


Poles, for telegraph lines. 168. 


110, 131. 


Setting up of. 154. 


Land lines, (iispensiug witli e*rlh- 


PoUee telegraph, 139. 


wires, 117. 


Potential, definition of, 89. 


Resistance of galvanometer, 121, 


A relative term. 89, 90. 


133. 


Diflerenee of, 90. 




Properties of magnets, 44, 46. 


117. 


Proportion inent of battery powef 




for short lines, 148. 


trieitv, 368. 




Electric bells, 286. 


Quadruples telegraphy, 250, 854. 


Electric lighting, 266. 


Clianges and improvements ia, 




253. 


Morse's telegraph, 13:j, 130. 


Edison's, 251. 


Alphabet, 354, 355. 


Historical sketch of. 260. 


Instruments, 190. 


Quantity, 92. 


Key, an. 


Definition of, 92. 


Hegi«tcr. 215. 




Relay. 306, 309. 


Railways, electric, 387, 


Repeatei^, 218, 331. 


Register, telegraphic, 315. 


Sounder, 314. 


Adjustments, and msnagemol 


Multiple telegraphy, 243. 


of, 226. 


Duplex, 243, 350. 


Relay, telegraphic, 206. 


Electro-harmonic. 254, 265. 


Adjustments. 308, 333, 225. 




Construction, 308. 


Multiplying power of shunts,. 128. 


Polsri^d, 209, 311. 




Use of. 206. 


Odda and ends, 349. 353. 


Repeaters, telegraphic, 218, 231. 


Office-wire, 192. 


Bulkley's, 218. 


Practical arrangement of, 192. 


Button, 218. 


Ohm, 94. 


Edison's, 281. 


Ohm's law, 98. 


Uses of. 218. 


AppUeation of, 97. 


Repulsion of magnets, 45. • 




Residual magnetism, 45. ^^^^| 


Partial disconnection, 231. 


Resistance, ^^^^H 
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'Resistance — 

Internal of battery, 118. 

Measurement of, 119, 121. 

Of any given wire, 91, 92. 

Of a telegraph line, 91. 

Of battery in reference to entire 
circuit, 53. 

Of cells in common use, 119. 

Of electro-magnets, 54. 

Of human body, 321: 

Of liquids, 118. 
^Resistance-coils, 114. 
Resistance, joint, 150. 

Calculation of, 151. 
Jtesistances, measurement of, 115, 
123. 

By differential galvanometer, 116. 

By substitution, 116. 

By tangent galvanometer, 120. 

By Wheatstoiie's bridge, 116, 117. 
Retardation, 188. 

Rheostat, and resistance-coils, 113, 
115. 

Present arrangement, 114 

Wheatstone's, 113. 
-Robison's anticipation of Volta's in- 
vention of the " voltaic pile," 351. 
Ronald's underground line, 184. 

■Secondary batteries, 338, 347. 

Faure cell, 340, 345. 

Historical sketch of, 339. 

Plante cell, 341. 

Small size Plants, 345. 
iShunts, 126, 129. 

Compensation of shunted deflec- 
tions, 128. 

Definition of term, 126. 

Their use, 126. 

To ascertain multiplying power of, 
128. 

Value of shunts, 127. 
•Siemens armature, 67. 
■Signals for telephone lines, 297. 
Sine galvanometer, 104. 
Single-fluid battery, 26. 
'Single-stroke electric bells, 287. 



Soldering joints in line- wire, 178. 
Sounder, 214. 

Adjustments of, 226. 
Spring-jacks, 205. 

Static, and dynamic, definition of, 16. 
Static induction, 18. x 

Storage of electric energy, 340, 346, 

347. 
Submarine cables, 189. 

Adaptation for telephony, 190. 

Insulating material employed in, 
189. 
Subterranean lines, 184. 

Adaptation for telephonic circuits, 
185. 

Conductor usually employed, 184. 

First laid, 184. 

Static induction in, 185. 

Where now used, 185. 
Sulzer's experiment in voltaic elec- 
tricity, 351. 
Swammerdam's anticipation of Gkd- 

vani's discovery, 350. 
Switchboard, 197. 

tJniversal, 197. 

Uses of, 197. ' 

Western Union pin, 1^. 
Switches, and circuit-changers, 200. 

Automatic telephone, 200, 315, 317. 

Button, 200. 

Cut-out, 203. 

For changing circuit between 
sounder and register, 217. 

Plug, 200. 

Secrecy, 200. 

Tables, of copper wire, 356, 357, 359. 

Diff. between wire-gauges, 359. 

Electro-motive force of batteries, 
364. 

Iron wire, 358. 

Metric weights and measures, 365, 
366. 

Relative conductivities, 864. 

Relative conductivity and resist- 
ance of metals, 362. 

Wire-gauge standard, 363. 
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^M Tailless— 


Telegraphs— ^^^H 


^H RelnitvE inductive capacity of in- 


Electro-harmonic. 254, 36S.^^^^^| 


^B sukiors. :t64. 


(Quadruples, 250. 354, 




Telephone, the, 2Sfl. 




Ador, 304. 


^H and tiafe copper wire, 301. 


Battery telephones, 30t 


^H Wciglit and resiEtance of galran- 


Blake, 307. 


^H ized iron nirc. 358. 


Construction ot, 316. 


^M Weiglita of insulated wire, 3G0, 


Crosslcy'9 transmitter, 311. 


^m Tangent galvanometer. 101. 104- 


Crown, 303. 


^m Tangents, 101. 


Definition ol word, 299. 


^M Telegraph, Morse American, 133, 


Dolbear's receiTer, 814. 


^1 


Edison tmnsmitter, 306. 


■ Alphabet, 336, SST. 


Ilunniiigs-sfonn. 313. 


^1 A rrangement of batleries, 136, 144. 


Induction-coils for. 300, 331, 353. 


^H Circuit arrangement of, 133. 




^M Key, 211, 213. 




^H Local circuit, 135. 


Patents. 351. 


^H Proportion men t of butteries, 145, 


Pony crown, 303. 


^B Kegister, 215. 


Standartl Bell telephone, 3CB. 


^H Relay, 206, 200. 


Strength of current generated by^ 


^1 lUpeaters, 218, 231. 


353. 


^M Setting up instruments, ISQ. 


Telephone switch, 315. 


^B Sounder, 214. 


Uses of, 310.317. 


^B Telegraph lines, construction of, 153. 




^H Covered wires for, 183. 


Aerial cables (or, 181, 183. 


^B Poles, 158, 155. 


Signals for, 397. 


^H Telegraph offices, hints for care of. 


Wire adapted for, 108. 


■ 229. 




H Telegraphic circuiL°, 130. 




^B Faults iti.2Sl, 233. 


submarine cables, 190. 


H Loops, 201. 


Testing for circuit faults. 233, 241. 


■ Systems still in use, 132. 


For cross, 239. 


H Testing for faults in, 233, 241. 


For defective ground terminal, 240.. 


^P Telegraphs, early esperiiuontai, 131. 


For disconnection, 233, 235. 


^H District or messenger, call systems. 


For escape, 238. 


■ 


For ground, 237. 


■ Fil'e-nlsrm, 13G. 


For intermittent disconnection,. 


^H Operated hy make and Ijieak of 


S36. 


^1 circuit, 140. 


For intermittent ground, or orost 
3^0. 


H Operated by reversals, 140. 


■ Police, 130. 


For partial disconnection, 330. 


H Stock-reporting, 130. 141. 


For weather-cross, 240, 


^1 Type-printing instruments, 140, 


Thermo-electric battery. 37, 89. 


^1 141. 


Applications of, 30. 40. 


H Multiple, 243. 


Thermo-electricity, 20, 36, 


^M noplei. 242, 2.^0. 


Discovered by Seebeek. 86. 
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Thomson's reflecting galvanometer, 

107, 110. 
Time-balls and guns, electrically 

operated, 828. 

Underground lines, 184. 

Adaptation to telephony, 185, 188. 

Electro-static capacity of, 353. 

First laid, 184. 

Materials of conductors and in- 
sulators, 184. 

Retardation in, 188; 

Where laid, 185. 
Units, employed in electrical mea- 
surements, 93, 97. 

Of capacity, 95. 
' Of current, 95. 

Of electro-motive force, 94. 

Of quantity, 95. 

Of resistance, 94. 
Universal switch, 197. 

Vibrating electric bells, 287. 
Volt, definition of, 94. 
Volta invented electrophorus, 353. 
Voltaic cell, 23. 

Battery, 24. 
Voltaic electricity, 22. 

How it differs from frictional, 22. 



Volta's pile, 26. 

Weather cross, 233, 240. 
Western Union pin-switch, 198, 
Wheatstone bridge, 110. 

Description of, 110, 111. 

Explanation of principles involv- 
ed, 111. 

Method of using, 111, 112. 

When introduced, 110. 
Wire,' to ascertain weight per mile 
from diameter, 174. 

For telephone lines, 168. 

Galvanized, 170. 

Killing process, 174. 

Mechanical and electrical tests 
for, 170, 173. 

Preferable sizes for long lines, 167, 

168. 
Reason for preferring large wire, 

167. 
Resistance, variation with temper- 
ature, 173. 
Sizes chiefly used, 165. 
Used for land lines, 165. 
Wire for inside construction, 192. 
Arrangement of in offices, 192. 
Wire-gauge, 166, 168. 

Zincs, amalgamation of, 25. 



•«¥^ 



n 



